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1.0 INTRODUCTION

This design document was prepared by URS Group, Inc. (URS) for the U.S. Environmental
Protection Agency (EPA) as a part of the EPA Region 10 Response Action Contract (RAC).
This design document presents the basis for the design of the selected remedial action for the
Marine Sediment Unit (MSU) of the Pacific Sound Resources (PSR) Superfund site. The
location of the site is shown in Figure 1-1.

Remedial actions selected by the EPA include capping and a slurry wall for the Upland Unit
(which are not part of this design) and a subaqueous sediment cap for the MSU. These actions
are identified in the Record of Decision (ROD) for the site (USEPA 1999). Active cleanup has
been completed in the Upland Unit and the area redeveloped for use by the Port of Seattle. The
primary elements of this design include a subaqueous sediment cap covering approximately
58 acres of Elliott Bay, along with limited dredging in an area of approximately 1 acre to
maintain post-capping navigational depths.

This document presents the final (100 percent) design for the cleanup of the MSU. This design
submittal is organized as follows:

Parti: Basis of Design

• Section 1
• Section 2
• Section 3
• Section 4
• Section 5
• Section 6
• Section 7
• Section 8
• Section 9
• Section 10
• Section 11
• Section 12

Part II: Design Drawings

PartD3: Specifications

Introduction
General Design Considerations
Dredge Design
Cap Design
Short-term Water Quality Impacts During Construction
Regulatory Compliance Strategy
Habitat Considerations
Remedial Action Contracting Strategy
Remedial Design and Post-Construction Deliverables
Identification of Easement and Access Requirements
Construction Sequencing, Schedule, and Cost Estimate
References
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Part YV: Construction Quality Assurance Plan for RA1 Through RA4

Technical analyses, model outputs, and additional design documentation are included as
appendices to this document.

As discussed in Section 9, several other design-related documents are being prepared separately
by the U.S. Army Corps of Engineers, Seattle District (USAGE). These documents include the
biological assessment (BA) and the Pacific Sound Resources Management Plan (PSRMP). The
PSRMP contains the construction quality assurance plan (CQAP) for RA5; the operations,
maintenance, and monitoring plan (OMMP); and the PSR Management Guidelines. This Final
Design Submittal is also considered a part of the PSRMP.

1.1 PURPOSE, SCOPE, AND PROJECT ORGANIZATION

1.1.1 Purpose and Scope . s~^

This document presents the final design for the cleanup of the MSU. The body of this document
is the basis of design, which presents a narrative discussion of the key technical parameters upon
which the design is based. The other primary design components of this submittal are the
specifications, design drawings, and the CQAP for RAs

This document describes the design for the capping and dredging elements of the selected
remedy for the MSU. The selected remedy also includes removal of several hundred treated
wood piling and associated overhead structures from the MSU (collectively referred to as "piling
removal"). The piling removal is being designed and constructed separately by the Port of
Seattle and is not discussed in detail in this document. The timing of the piling removal is
discussed in Section 1 1 . Institutional controls are also a feature of the selected remedy and are
discussed in Section 1.7.

1.1.2 Project Organization

Design activities at PSR are being performed under contract to EPA (Contract 68-W-98-228;
Work Assignment 065-RD-RD-101L) by URS. Design activities are being completed in
consultation with the USAGE and in coordination with the Natural Resource Trustees.

o
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Several pre-remedial design and draft design documents precede this submittal, as described
below:

• Remedial design (RD) of the subaqueous capping system for the MSU required
the collection and analysis of additional data. Data collection requirements were
outlined in a data gaps analysis (USEPA 200la).

• Specific data collection activities were defined in a field sampling plan (FSP)
(USEPA 200 Ib). The FSP also defined quality assurance/quality control
(QA/QC) and sampling and analysis procedures.

• The results of the remedial design field investigations were documented in the
Draft Technical Memorandum #1—Pre-Design Investigation Data Summary that
was submitted to EPA in February 2002 (USEPA 2002a). The pre-design
investigation data summary was reviewed by the EPA and representatives of the
Seattle District, USAGE.

• The preliminary evaluation of pre-design investigation data and development of
design criteria, were documented in the Technical Memorandum #2—Conceptual
Site Design that was finalized in June 2002 (USEPA 2002b). The conceptual site
design included design calculations, modeling, and other evaluations for
establishing design criteria, and was reviewed by EPA, USAGE, U.S. Fish and
Wildlife Service (USFWS), Washington Department of Fisheries and Wildlife
(WDFW), Washington Department of Ecology (Ecology), Washington
Department of Natural Resources (WDNR), National Marine Fisheries Service
(NMFS), National Oceanic and Atmospheric Administration (NOAA), Suquamish
Tribal Fisheries Department, and the Muckleshoot Fisheries Department.

• The 30 Percent Design was submitted on July 26, 2002, and was reviewed by the
same parties as described above. Comments received on the 30 percent Design
were incorporated info the 90 percent Design Submittal.

• The 90 Percent Design was submitted on December 3, 2002, and was reviewed by
the same parties as described above. Comments received on the 90 percent
Design have been incorporated into this Final Design Submittal.

To facilitate design development and resolution of key technical issues, a number of stakeholder
meetings were held following issuance of the 30 Percent Design and the 90 Percent Design. Key
topics of these meetings included:
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• Use of dredged material
• Loss of aquatic prism and gains in intertidal habitat
• Habitat enhancements
• Remedial construction scheduling
• Water quality certification
• Coordination with tribal fisheries

Meeting summaries are available and are included in project files. The summaries outline
consensus decisions and agreements among reviewers that are reflected in this Final Design.
Section 9 of this report summarizes the scope and status of the various documents associated
with the remedial design and post-construction deliverables.

The USAGE will be responsible for all dredging and cap construction activities, including
procuring remedial construction contractors and administering construction and oversight
contracts, USAGE maintains a number of contracting vehicles to execute construction activities.
Contracting strategy is discussed in Section 8.

1.2 SITE LOCATION AND DESCRIPTION

The PSR site, formerly known as the Wyckoff West Wood Treating Facility, is located on the
south shore of Elliott Bay in Puget Sound, in Seattle, Washington (Figure l-l). The site is
divided into two operable units: the Upland Unit and the MSU. The Upland Unit consists of the
former wood treating facility and occupied an area of approximately 25 acres; the MSU
encompasses approximately 200 acres of Elliott Bay and approximately 2,000 feet of shoreline.
Tidal elevations in the MSU range from extreme low water at -4 feet mean lower low water
(MLLW) to extreme high water at +14.8 MLLW (USAGE 2002, Nelson 1978). The relationship
between various datum planes and tidal stages is shown in Table 1-1. All elevations in this
design are based on the U.S. Survey MLLW vertical datum, and are given in feet.

Groundwater and soils contamination by creosote and other wood-treating waste products was
present in the Upland Unit; an area of the MSU encompassing approximately 50 acres was
reported to contain sediments with elevated levels of polycyclic aromatic hydrocarbons (PAHs)
and polychlorinated biphenyls (PCBs) that present unacceptable risks to aquatic resources.
During design, the size of the ROD-defined area of concern was determined to be 55 acres. (The
cap design area encompasses approximately 58 acres as discussed in Section 2.2). A discussion
of the nature and extent of contamination in the MSU as well as risk assessment results are
presented in the remedial investigation report (USEPA 1998a). \j
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1.3 SITE HISTORY AND NATURE OF CONTAMINATION

From 1909 to 1994, wood-treating operations were performed at the site. The wood-treating
facility was originally a pile-supported facility over the Duwamish River estuary. The shoreline
and intertidal area were filled in at various times throughout the last 100 years and the facility
was eventually entirely located on approximately 25 acres of fill material that created an upland.
This in-filling resulted in a steep riprap bank on the shoreline between the upland and off-shore
area.

The southern portion of the facility (10 acres) was used primarily for treated wood storage and
the northern part of the facility (15 acres) was used for processing. All retorts, product storage
tanks and piping were located on the northern portion of the facility. Wood-treating chemicals
used at the site included creosote, pentachlorophenol and various metals-based wood
preservation solutions.

The MSU has been contaminated by discharge of used and waste creosote and wood-treating
chemicals from the former wood-treating operations on the upland portion of the site. Chemicals
of concern in the MSU include PAHs, phenolic compounds, dibenzofuran, polychlorinated
dibenzo-p-dioxins and -furans, PCBs, and mercury (USEPA 1998a). PAHs have been detected
in excess of screening levels to depths of 20 feet below the mudline at the site. Downward and
lateral migration of nonaqueous-phase liquids (NAPL), transport of contaminated groundwater,
and erosion of contaminated soils by stormwater runoff from the Upland Unit represent historical
sources and transport pathways to the MSU. In addition, the former Longfellow Creek outfall
historically contributed PCS contamination to the MSU, and mercury contamination appears to
have migrated from a source to the east of the site.1

A conceptual site model is provided as Figure 1-2. As a result of cleanup actions in the Upland
Unit, there are only three likely contaminant migration pathways to Elliott Bay remaining:
(1) transport of dissolved contaminants via groundwater with subsequent partitioning to
sediment; (2) dissolution of sediment-bound contaminants to the waters of Elliott Bay; and
(3) longshore or downslope migration of contaminated surface sediment in the MSU. The
transport of free- and dissolved-phase NAPL in shallow groundwater to Elliott Bay has been
inhibited by the slurry wall and light NAPL (LNAPL) recovery trench that were constructed as
part of the upland source control activities. However, some dense NAPL (DNAPL) is present

'plow from Longfellow Creek has since been rerouted to the West Waterway of the Duwamish River. The
outfall remains functional and receives local storm drainage as well as overflow of peak flows from Longfellow
Creek.
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seaward of and deeper than the slurry wall. The DNAPL constitutes an ongoing, however minor,
source to the bay via dissolved phase groundwater transport (USEPA 1999).

1.4 GEOLOGICAL SETTING

1.4.1 Regional Geology

The PSR site lies near the center of the Puget Sound Basin between the Cascade Mountain Range
and the Olympic Mountains. The geomorphology of the Puget Sound Basin has been shaped by
several episodes of Pleistocene glaciation, which have resulted in a westward-sloping, gently
rolling drift plain cut by many wide, steep-sided troughs.

These north-south trending troughs have been glacially scoured and are filled with marine water
(i.e., Puget Sound) or large freshwater lakes (e.g., Lake Washington) or have been alluviated by
streams and rivers (e.g., Duwamish Valley).

The Duwamish River is a major drainage of the western slope of the Cascade Mountain range,
and enters Puget Sound from the south at Elliott Bay, a protected, deep-water harbor. The MSU
cap design limits encompass approximately 58 acres of Elliott Bay adjacent to and offshore of
the Upland Unit (Figure 1-1). The Elliott Bay shoreline has been extensively developed for
urban, port, and industrial land uses; the area surrounding the site is principally used for water-
dependent industries. The mouth of the Duwamish River's West Waterway is located
approximately 0.3 mile east of the PSR MSU site.

Unconsolidated sediments dominate the project vicinity. The sedimentary bedrock of the Blakely
Formation outcrops at Alki Point, about 1 mile west of the site, and at the west side of Beacon
Hill, approximately 2 miles east of the site. No deep borehole explorations (past or current) have
encountered bedrock at the PSR site, but the Blakely Formation is expected to underlie the site at
approximately 340 to 680 feet based on regional data from geophysical surveys and nearby soil
borings (Yount and Holmes 1992).

1.4.2 Site Geology

The upland area of the site lies in an estuary that was filled to create usable land for industrial
development (USEPA 1998a). The upland fill is variable in nature and underlain by, in
lithological sequence, native esruarine deposits, deltaic deposits, and glacial deposits. The fill in
the upland area is typically 20 to 45 feet thick and consists of dredged sand and silt, construction
debris and predominantly granular sediment, riprap, and wooden bulkhead debris. Esruarine
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deposits consist of silty sand and sandy silt with interbedded silt, clay and sand, and minor peat,
wood, organic fragments and shells. The lower deltaic unit is medium dense to dense sand, and
silty sand with some silt interbeds. Silt and clay lenses up to 10 feet thick have been observed
and indicate a seaward dip of about 5 to 10 degrees. Dense glacial deposits were not encountered
in the upland borings installed as part of the remedial investigation, which penetrated
approximately 100 feet below the ground surface (bgs), nor were they encountered in sediment
explorations installed during the RI/FS and predesign investigations through depths of 80 feet
below the mudline.

The sea-bottom slopes in the MSU are generally steeper nearshore and become flatter further
offshore. The bottom slopes are variable, with nominal slopes up to about 20 to 25 percent
(5H: 1V to 4H:1V) from the shore to water depths of about -120 feet mean lower low water
(MLLW), 15 percent (7H:1 V) in the 120- to 150-foot MLLW depth, and about 6 to 15 percent
(16H:1V to 7H:1 V) below -150 feet MLLW. A flat embayment area is present at the Crowley
Marine Services pier in a water depth of about 40 feet.

Surface deposits of anthropogenic contaminated fill material overlie native sediments throughout
the MSU. For consistency with the ROD, this contaminated fill material in the MSU is referred
to as the Marine Sediments Unit fill, or simply "fill." Side-scan sonar (USGS 1996) and core
samples (USEPA 1998a) indicate as much as 20 feet of fill consisting of contaminated sand and
silty sand with organics and occasional wood debris.

The presence of thin layers of contaminated sediments in water depths up to 200 feet suggest that
some fill material may have flowed down the submarine slopes due to uncontrolled placement
(USGS 1996). Bathymetric data indicate that landslides have also historically occurred as
subaqueous landslide features. Settling of turbidity plumes may also have contributed to the thin
deposits of contaminated sediments. Ongoing sediment resuspension and transport during storm
events could also explain the occurrence of contaminated sediments in deeper offshore areas.

Seattle is located in a seismically active area. In addition to documented earthquakes throughout
the Northwest region, the project site is located adjacent to the Seattle fault. Current research by
the U.S. Geological Survey (USGS) indicates that the Seattle fault may have produced a
Magnitude 7 earthquake about 1,100 years ago.
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1.5 REMEDIAL ACTION OBJECTIVES

The ROD (USEPA 1999) identified the following remedial action objectives for cleanup in the
MSU:

• Minimize human exposure through seafood consumption
• Minimize benthic community exposure to site contaminants

Attainment of these overall objectives, as specified in the ROD, will be measured by compliance
with the Washington State Sediment Management Standards (SMS) (WAC 173-204). The SMS
establish a narrative standard with specific biological effects criteria and numerical chemical
concentrations for Puget Sound sediment. Under the SMS, the cleanup of a site should result in
the elimination of adverse effects on biological resources and any health threats to humans. The
Sediment Quality Standards (SQS) correspond to this narrative for ecological effects. Under the
SMS, site-specific cleanup standards are established from a range of concentrations based on
environmental effects, feasibility, and cost; they are to be as close as practicable to the SQS and
no greater than the minimum cleanup levels (MCULs). The MCULs are equivalent to the
cleanup screening levels (CSLs).

The CSL for PAHs serves as the trigger for remediation of the MSU; the SQS for PCBs is the
trigger for active remediation of sediments in the nearshore environment (shallower than -10 feet
MLLW). The marine sediment cap is the primary component to achieve CSLs and SQSs in the
MSU. The ROD identified the cap boundaries based on these triggers, as shown in Figure 1-3.
The capping material will at least meet the SQS, resulting in SQS or lower concentrations
throughout the capped area.

1.6 THE SELECTED REMEDY

The selected remedy for the MSU is described in the ROD (USEPA 1999) and generally consists
of the following elements:

• Confinement of contaminated marine sediments by placement of a sediment cap
that covers approximately 50 acres. (Acreage estimate from ROD has since been
refined to 55 acres of required capping area. The cap as designed covers
approximately 58 acres.)
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• Dredging approximately 3,500 cubic yards of contaminated sediment from the
area north of Crowley Marine Services, to allow capping while maintaining
current navigational depths (dredge quantity estimate from ROD)

• Removal of unused piling prior to capping

• Implementation of institutional controls to restrict use of boat anchors

• Development and implementation of both a short- and long-term monitoring and
management plan to ensure that the cap is placed as intended and is performing
the basic confinement functions

The capping and dredging activities are described in detail in this basis of design. Piling removal
is being accomplished by the Port of Seattle and is not discussed further in this document. The
institutional control for anchoring is further discussed in Section 1.7. The monitoring and
management plans are discussed in Section 9.

1.7 INSTITUTIONAL CONTROLS

The ROD requires that the entire capped area be designated as a "no-anchor" zone. The no-
anchor designation will apply to commercial vessels using the large "whale-tail" type anchors
that have the capacity to break through the cap and expose contaminated sediment. Figure 1-4
illustrates the area to be covered by the "no-anchor" designation.

Institutional controls may be employed at sites as a critical component of the cleanup
process, whose purpose is to ensure both the short- and long-term protection of human health and
the environment. The use of institutional controls is governed by both EPA guidance (OSWER
9355.0-74FS-P) and MTCA regulation (WAC 173-340-440).

Land use restriction is the primary institutional control to be employed at PSR. The restriction
will be placed on anchor use over the sediment cap, to limit the potential for cap disturbance and
subsequent release of contaminated sediments. The land use restriction will be in the form of
promulgation of a regulatory amendment that designates the entire sediment cap as a "no-anchor"
zone. In consultation with the WDNR, EPA, and the USAGE, the U.S. Coast Guard (USCG)
will develop an additional section to USCG regulation 33 CFR Part 165, Regulated Navigation
Areas and Limited Access Areas. This new section will prohibit commercial vessels from using
large "whale-tail" anchors in the no-anchor zone. The rule-making will be subject to public
comment.
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The development and enforcement of the no-anchor zone will meet the requirements of WAC
173-340-440(8), which typically requires that property owners include institutional controls in
restrictive covenants on their properties. However, restrictive covenants are not required of a
government landowner if it implements an effective alternative system (such as the no-anchor
zone). The level of protection provided by promulgation of a federal regulation written
specifically for the PSR cap area is high. First, the regulation is a legal requirement enforceable
by the USCG. Second, the regulation provides long-term protection, since it can only be
modified or terminated through the federal rulemaking process. For the USCG to modify or
terminate the regulation, it would have to publish the proposed regulatory change in the Federal
Register for public (and agency) comment and then take any comments into account before
finalizing a change. Thus, MTCA institutional controls requirements will be met.

The institutional control described above will remain in place as long as the cap is needed to
contain subsurface contaminated sediments.
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Table 1-1
Tidal Da turns at PSR Superfund Site
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Section 1.0
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2.6

-1.03

-1.93

-5.68

-6.16

-9.43

-12.23

-16.7 +/- 0.5

Notes:
MLLW - mean lower low water
NAVD88 - North American Vertical Datum 1988
NGVD - National Geodetic Vertical Datum
USAGE - U.S. Army Corps of Engineers

Source: USAGE 2002, Nelson 1978
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2.0 GENERAL DESIGN CONSIDERATIONS

To provide an overview of the design approach, general design considerations are discussed in
the following subsections. Key design issues include compliance with the conditions of the
ROD, extent and boundary of remediation area, capping material sources and availability,
dredging methods, cap placement techniques, cap monitoring and verification, and construction
scheduling to minimize impacts on aquatic resources and navigation. A summary of these issues
is provided in this section, and specific design elements are developed in Sections 3 through 11.

2.1 ROD-SPECIFIED DESIGN REQUIREMENTS

Consistent with the ROD and USAGE guidance (Palermo et. al 1998a and b), the primary
component of the selected remedy, a marine sediment cap, has been designed to accomplish the
following:

• Reduce the chemical flux from contaminated sediments and groundwater, and
chemically isolate these sources from benthic organisms;

• Physically isolate the contaminated sediments and provide a clean habitat for
benthic organisms;

• Maintain stability under static loads and have an acceptable reliability under
design seismic loads;

• Resist erosion, suspension, and transport of cap materials and underlying
contaminated sediments by waves, tidal, and wind-induced currents, and propeller
wash.

The design is based on achieving remedial action objectives in a cost-effective manner,
consistent with the requirements of the ROD, applicable or relevant and appropriate requirements
(ARARs), and standard engineering practice.

Site conditions limit the ability to ensure cap stability under extreme seismic loads, such as
earthquakes that are projected to occur at return periods of greater than 100 years. Construction
of engineered features to improve long-term seismic stability throughout the MSU is not
considered practicable and would represent a very large capital expenditure. Rather, the design
deals with potential long-term seismic damage to the cap by establishing future maintenance
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requirements. The design documentation includes an OMMP in which procedures associated
with cap repair and maintenance are identified. (Additional information on seismic stability is
presented in Section 4.2.)

The cap design, including cap thickness and material specifications, has been conducted in
accordance with the Guidance for In Situ Subaqueous Capping of Contaminated Sediments
(USEPA 1998b). The ROD also specifies the following design parameters for the cap:

• The minimum cap thickness shall be 5 feet in the intertidal area.

• Capping material shall be at least as clean or cleaner than the SQS and, according
to the ROD, will originate from routine maintenance dredge projects in local
rivers. (Note: It is necessary, however, to use upland materials for capping
certain areas of the site to enhance cap stability and allow for construction
activities to be completed within specific time periods such that impacts to aquatic
resources are minimized.)

• Capping material shall be selected and placed in such a way as to provide
appropriate habitat for the marine organisms natural to this area.

Additional engineered features will be used as necessary to maintain the thicker cap in the
intertidal area.

Materials specifications are generally discussed in Section 4; detailed specifications are provided
in Part in of this document.

The ROD discusses the potential existence of a region of the MSU (termed the Intermediate
Groundwater Discharge Zone) where recontamination of cap material by groundwater transport
was suspected. This suspected area of concern was identified based on preliminary modeling in
the Remedial Investigation/Feasibility Study (RI/FS). The pre-design efforts (USEPA 2002a,
2002b) included specific investigations of groundwater discharge and porewater contaminant
concentrations to evaluate the potential for cap recontamination in the Intermediate Groundwater
Discharge Zone and elsewhere in the MSU. Based on the results of these studies, no enhanced
potential for recontamination exists in the Intermediate Groundwater Discharge Zone, and this
region of the MSU is therefore not referred to as a unique region in this design.

As discussed in Section 1.7, the ROD also specifies that the entire capped area be designated a
"no-anchor" zone. Other regulatory programs will address the capped contaminated sediment
that may be potentially exposed by future dredging projects that might be proposed within the
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capped area. Such projects may be associated with currently unplanned future development
scenarios. Permitting requirements under Section 404 of the federal Clean Water Act and the
Washington State Shoreline Management Act will address such scenarios and will require
appropriate design elements, such as requirements for handling and disposal of contaminated
sediments, restoration of the cap following dredging, or dredging to remove all sediments above
the SQS. Additional regulatory considerations for this project are discussed in Section 6.

2.2 REMEDIATION AREAS

The ROD specifies the portions of the MSU that require capping. These boundaries are shown in
Figure 2-1. To facilitate construction of the remedy, simplified remediation area (RA)
boundaries have been established in nearshore portions of the site, as shown on Figure 2-1.
These simplified RA boundaries will result in limited overplacement of capping material outside
the irregular ROD-required capping boundaries, but the simplified boundaries have been
designed to minimize overplacement while improving constructability.

The irregular cap area boundaries were not modified in the deep offshore areas of the site. Based
on the cap placement methods specified for these areas of the site, the irregular boundary does
not pose constructability concerns. However, the placement methods and depths in the deep
offshore areas result in broad deposits of capping material, and hence significant amounts of
capping material will be deposited outside the ROD-required capping boundaries.

Based on the defined RA boundaries, the cap design area totals approximately 58 acres, versus
the ROD-required capping area of 55 acres (which was reported as 50 acres in the text of the
ROD). Further discussion of the site boundaries and areas affected by cap material deposition is
provided in Section 4.8.4.

For engineering purposes, the individual RA boundaries were developed according to specific
site conditions and operational considerations that require different cap designs, cap materials
specifications, or construction methods (Figure 2-1). The MSU is divided into the following
RAs:

• RA1: Intertidal/Shallow Subtidal Area. The RA1 boundaries are defined to
extend from the top of the bank, offshore a sufficient distance to construct the
required grade transitions to the adjacent offshore RAs. According to the ROD, a
minimum 5-foot cap thickness is required for capping contaminated sediments in
the intertidal area. (The term "intertidal area" as used in this document includes
areas with sediment at existing mudline elevations from -10 feet MLLW to
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+14.8 feet MLLW, the maximum tidal elevation [Nelson 1978]. The 5-foot cap
thickness is required over existing sediments within these elevations, but not over
existing riprap within these elevations. This definition allows placement of a
minimum 5-foot-thick cap to achieve final elevations within the intertidal
elevations of-4 feet MLLW to +14.8 feet MLLW. This is discussed further in
Section 4.3.) Erosive forces due to surface waves, propeller wash, and cross-shore
sediment transport processes determine the particle size of capping material in
RA1. Design elements include intertidal habitat enhancement and establishment
of beach areas. Engineered features such as specific materials, specific slopes,
and riprap slope caps are necessary for physical cap stability in RA1. Due to the
complex topography in RA1, significantly different slope profiles are required
along various segments of the shoreline.

RA2: Shallow Nearshore Areas. RA2 consists of two discrete nearshore areas,
RA2a and RA2b, which extend from approximately -15 to -50 feet MLLW.
RA2a and RA2b are characterized by relatively flat areas or shallow slopes, with
localized steepened areas. Conditions in this area are analogous to conditions at
other capping projects in the Puget Sound region, such as Eagle Harbor. Erosive
forces due to propeller wash determine the particle size of capping material in
RA2a. Erosive forces are not anticipated to be significant in RA2b.

RA3: Crowley Marine Services Area. It is necessary to maintain navigational
depths in this area for barges, tugs, and other vessels. Because sediment
contamination in this area extends to depths of 8 to 10 feet below the mudline and
because of the need to maintain navigational access, a cap cannot be constructed
in the area of Crowley Marine Services without first removing materials through
dredging. The capping material in this area must also resist erosive forces from
propeller wash.

RA4: Sloping Offshore Area. This area extends from approximately - 50 to
-140 feet MLLW and includes relatively steep slopes with approximately 15
percent to 25 percent grades. Stability of these soft/loose sediment slopes and the
potential for failure during cap placement requires specific controlled cap
placement methods.

RA5: Deep Offshore Areas. RA5 consists of sub-areas RA5a and RA5b. These
areas extend from approximately -140 to -240 feet MLLW and include slopes
with approximately 4 percent to 15 percent grades. Placement of cap material in
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RA5 can be accomplished in the most cost-effective manner by instantaneous
bottom-dump placement of clean dredged material from other dredging projects.

Engineering analyses (see Appendix D) were used to define the RA4/RA5 boundary with
consideration of the material types and placement methods to be used. Key parameters that were
used to define this boundary are the load-bearing strength of the existing sediments and the
modeled mound geometry for instantaneous bottom-dump placement. The RA4/RA5 boundary
was located such that mound heights from instantaneous bottom-dump placement do not exceed
the load-bearing strength of the sediments.

2.3 MATERIALS SOURCES AND AVAILABILITY

The engineering analyses in this document are used to develop the materials specifications for
capping. One objective of the cap design process was to develop materials specifications that
can be satisfied using available borrow sources or dredged material, while minimizing the need
to manufacture material to meet the various specifications (e.g., particle size distributions,
organic carbon content). As previously discussed, the ROD requires capping material to be at
least as clean or cleaner than the SQS. All capping material used on this project will be tested to
verify its suitability for use. Testing protocols depend on the material to be used for capping and
are outlined in the CQAP.

Cap materials sources generally fall into two categories: dredged material and upland material.
It is known that the remedial action at PSR will be performed concurrently with several other
remedial actions at other contaminated sediment sites in Puget Sound. Thus, there may be
competing demands for cap materials, which could limit the availability of dredged materials and
potentially increase the costs of upland materials. EPA is conducting programmatic planning of
these supply/demand issues to better define the potential implications to the various cleanup
projects.

2.3.1 Upland Material

In areas where dredged material cannot satisfy the material specifications required for the cap,
and areas where logistical or contractual requirements preclude special placement techniques
using dredged material, upland sources will be used. Based on material specification
requirements to minimize erosion and other engineering property requirements for material
gradation, upland material will be required to construct the cap in RA1, RA2a, and RA3. EPA
has determined that upland materials will also be used for construction of the caps in RA2b and

W:\06500\l 00% Design SubmittalNText.wpd



FINAL DESIGN SUBMITTAL
PSR Superfiind Site, Marine Sediment Unit Section 2.0
RAC, EPA Region 10 Date: 02/03/03
Work Assignment No. 065-RD-RD-101L Page 2-6

RA4 (further discussion of the decision for use of upland material in RA2b and RA4 is provided
in the following subsection).

The specifications do not identify the source of the upland materials, but include soil gradation
and verification testing requirements. In preparing the upland material specifications, materials
that are commonly available at local quarries and satisfy the minimum engineering requirements
of the cap design have been identified. Potential suppliers of upland materials have been
identified and have indicated that the required material quantities that meet minimum materials
specifications are available. It is not anticipated that the ability of the material supplier to
provide sufficient material quantities will impact the project schedule. To minimize rehandling
costs, limit road traffic, and facilitate in-water construction, it is expected that the materials will
be transported to the site by the contractor in barges supplied by the contractor. Barges will be
loaded by the material supplier at its facility and the materials transported by the contractor.

Alternative sources for supply of upland material may be identified by the contractor. Potential
sources may include major ongoing infrastructure projects such as Sound Transit, transportation
mega-projects (1-405, Alaskan Way), the Brightwater Wastewater Treatment Plant, and large
material suppliers in the area. The contractor will be responsible for selecting the source(s) of
upland materials and verifying that the materials meet the specifications.

2.3.2 Dredged Material

Dredged material is less costly than upland material, and its beneficial use is encouraged.
Further, the ROD states that dredged material will be used to construct the cap. Consequently,
dredged material will be used to the extent practicable, provided it meets the materials
specifications, is available in suitable quantities within allowable periods for in-water work and
the anticipated project schedule, and can be placed according to the requirements of the
specifications.

The EPA has tasked the Seattle District, USAGE to develop a Pacific Sound Resources
Management Plan (the PSRMP) that defines the strategies and procedures for use of dredged
material for the cap. Section 9 contains further discussion of the PSRMP. The PSRMP provides
a basis for EPA and USAGE to utilize material from federal channel navigation and restoration
dredging, as well as nonfederal navigation and restoration dredging projects for beneficial use as
capping material at PSR.

Dredged material properties will vary according to the source of the material. For the purposes
of the engineering analyses presented in this document, the properties of dredged material from
the Duwamish River and the Snohomish River (as provided by the USAGE) are used to represent
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typical dredged material properties; however, potential sources of dredged material are not
limited to the Duwamish River and the Snohomish River. The materials specification for
dredged material to be used at PSR (termed "dredged cap material" in the specifications - see
Appendix F), however, precludes the use of certain sources of dredged material (such as cohesive
materials).

Engineering analyses presented in the conceptual design (USEPA 2002b) and included in
Appendix D have indicated that dredged material can be used to construct the cap in RA5
through instantaneous-release bottom-dump placement.

Dredged material could potentially meet the materials specifications for construction of the cap
in RA4 and RA2b; however, special placement methods are required in these areas. A value
engineering analysis for use of dredged material in RA2b and RA4 is provided in Appendix E
and summarized in Section 2.3.6. After considering contracting requirements, logistics, costs,
and potential impacts to the project schedule, EPA has determined that it is most practicable to
use upland material to construct the cap in RA2b and RA4. Thus, dredged material will be used
for cap construction only in RA5.

Section 8 of this document outlines the remedial action contracting strategy, which is largely
influenced by where dredged material is to be used. For example, in RA5, it is anticipated that
the USAGE will modify its contracts with maintenance/navigation dredgers to allow these
dredgers to place the dredged material with bottom-dump barges at prescribed coordinates in
RA5.

2.3.3 Basis for Dredged Material Specifications

Any dredged material used for capping at PSR must meet the materials specifications for
"dredged cap material," which are included in Appendix F. The bases for these specifications are
discussed in general terms below, and include requirements for SQS compliance, Dredged
Material Management Program (DMMP) suitability determination, debris, gradation, total
organic carbon (TOC), and non-cohesive properties. USAGE will be responsible for determining
whether dredged material meets the materials specifications.

SQS Compliance and DMMP Suitability Determination

Based on the ROD requirements, all cap material must meet the SQS. Dredged material from
off-site sources that may be used for cap material must first be determined to be suitable for open
water disposal under the DMMP. USAGE considers SQS compliance and DMMP suitability
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determination to be a two-step process. The DMMP requirements for evaluation of dredged
material for open water disposal include four tiers, as follows:

• Tier I - no or limited testing (determination made on existing information)
• Tier El - chemical testing
• Tier HI - biological toxicity testing
• Tier IV - bioaccumulation testing

If a Tier I evaluation finds that more testing is necessary before a suitability determination can be
made, chemical testing (Tier H) is required. If chemical testing detects chemicals of concern
over screening levels, Tier HI toxicity testing is necessary before a determination of suitability
can be made. Tier IV bioaccumulation testing is required if a determination of suitability cannot
be made with tests from the first three tiers.

None of these tiers directly corresponds to the SQS chemical requirements of WAC 173-204-
320(2). The Tier HI biological testing is substantially equivalent to the SQS biological
requirements of WAC 173-204-320(3); however, there are different interpretive guidelines.
Appendix F presents specific acceptance criteria for use of dredged material at PSR, based on the
SQS requirements and the DMMP suitability determinations.

Debris

Based on DMMP requirements, all dredged material must be able to pass a 2-foot by 4-foot mesh
to remove large debris. Because this requirement is already imposed by the Dredged Material
Management Office (DMMO) for any dredged material that may be placed at the DMMP sites,
no additional requirements for debris are established in the dredged material specifications.

Gradation

The primary gradation requirement is fines content. Based on USAGE experience, the fines
content of the cap material (silt and clay, passing U.S. No. 200 sieve) should be limited to no
more that 30 percent by weight for controlled placement operations (USAGE 2000). However, in
RA5, instantaneous bottom-dump placement will be used, and dredged material with fines

o
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determination to be a two-step process. The DMMP requirements for evaluation of dredged
material for open water disposal include four tiers, as follows:

• Tier I - no or limited testing (determination made on existing information)
• Tier n - chemical testing
• Tier HI - biological toxicity testing
• Tier IV - bioaccumulation testing

If a Tier I evaluation finds that more testing is necessary before a suitability determination can be
made, chemical testing (Tier n) is required. If chemical testing detects chemicals of concern
over screening levels, Tier HI toxicity testing is necessary before a determination of suitability
can be made. Tier IV bioaccumulation testing is required if a determination of suitability cannot
be made with tests from the first three tiers.

None of these tiers directly corresponds to the SQS chemical requirements of WAC 173-204-
320(2). The Tier in biological testing is substantially equivalent to the SQS biological
requirements of WAC 173-204-320(3); however, there are different interpretive guidelines.
Appendix F presents specific acceptance criteria for use of dredged material at PSR, based on the
SQS requirements and the DMMP suitability determinations.

USAGE has further defined the procedures for making a suitability determination in the PSRMP
and will identify instances where best professional judgement may be required in making the
determination.

Debris

Based on DMMP requirements, all dredged material must be able to pass a 2-foot by 4-foot mesh
to remove large debris. Because this requirement is already imposed by the Dredged Material
Management Office (DMMO) for any dredged material that may be placed at the DMMP sites,
no additional requirements for debris are established in the dredged material specifications.

Gradation

The primary gradation requirement is fines content. Based on USAGE experience, the fines
content of the cap material (silt and clay, passing U.S. No. 200 sieve) should be limited to no
more that 30 percent by weight for controlled placement operations (USAGE 2000). However, in
RA5, instantaneous bottom-dump placement will be used, and dredged material with fines
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content exceeding 30 percent may potentially be appropriate for use in RA5. The following
factors must be considered if dredged material with higher fines content is used in RA5:

• Greater quantities of dredged material will be required to accomplish the desired
cap thickness, because more fine material will be transported outside the cap
boundaries.

• The areal extent and thickness of off-site cap material deposition will be greater.

• Greater allowances for cap consolidation thickness (Tc) may be required.

• Short-term turbidity impacts may extend for greater distances and may be
manifested higher in the water column (the currently modeled turbidity impacts
are limited to near-bottom depths - see Appendix D).

The USAGE will consider using dredged material with fines content exceeding 30 percent on a
case-by-case basis, and the fines content will be treated as an operational parameter during
construction.

Cohesiveness

All dredged material would be mechanically dredged and mechanically placed, and is therefore
required to be non-cohesive. This requirement will be satisfied by material with a plasticity
index less than 10, which represents the upper limit of a low-plasticity soil. The reasons for this
requirement are described below.2

• During placement, cohesive material would impact the bottom in clumps. If
placed directly atop existing contaminated materials, these clumps would likely
resuspend contaminated sediments. This resuspension would be detrimental to
water quality and could potentially release sheens. The resuspended contaminated
material may then deposit on, and recontaminate, adjacent capped areas.

• Cohesive material placed atop layers of clean cap material may resuspend the
in-place cap material on impact, compromising the cap integrity around the
deposited clumps.

2Appendix D includes modeling of the deposition of cohesive material in RA5.
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• Placement of cohesive material results in greater mound heights and higher impact
forces (of clumps) on the capping surfaces, and more concentrated static stresses
(from "tighter" mound geometry) placed near the RA5/RA4 boundary, cohesive
materials would have a greater potential for causing bearing capacity failures and
landsliding.

• The cohesive material would contribute little to the required cap thickness in areas
away from the tight mounds and clumps, and thus may not reduce the required
volume of non-cohesive capping material. There may therefore be little to no cost
or schedule benefits in using cohesive material.

• The greater variability in capping thickness associated with cohesive clumps
could make interpretation of construction monitoring and long-term monitoring
results more difficult and potentially increase the costs of monitoring.

From an aquatic habitat perspective, the presence of clumps of cohesive material (clay) would
change the existing unconsolidated silt and sand substrate to a mosaic of unconsolidated
substrate (silt and sand) and consolidated substrate (clay clumps distributed through substrate and
clay mounds) and the existing community of benthic organisms would not be able to colonize
areas of the cap where the majority of the substrate surface is composed of hardpan or mounds of
clay. A hard bottom, combined with structure created by mounds of clay, would likely attract a
different assemblage of demersal fish, including rockfish, greenlings, and lingcod.

The majority of subtidal marine habitat in the Puget Sound is an unconsolidated substrate and as
a result, the benthic organisms and demersal fish associated with an unconsolidated substrate are
relatively abundant. Benthic organisms and demersal fish associated with consolidated
substrates and bottom structure tend to be relatively rare and occur in highly localized
populations, which are highly susceptible to harvest by sports and commercial fisheries.

The USAGE willconsider using dredged material with a plasticity index greater than 10 on a
case-by-case basis, and the plasticity index will be treated as an operational parameter during
construction.

TOC Content

In general, dredged material placed as a cap does not need to contain a minimum TOC content.
However, USAGE, through its PSRMP, will direct any material with TOC content significantly
lower than 1 percent to be placed in the upper cap horizons and reserve materials with higher
TOC for the lower cap horizons, just above the existing substrate. Use of materials with higher
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TOC in the lower horizons of the cap provides additional contaminant isolation and may provide
additional protection from long-term contaminant breakthrough and subsequent contamination of
the newly placed cap. Controlling placement of materials as a function of TOC should be
relatively straightforward, as barges containing dredged material with lower TOC can simply be
directed to dump at coordinates where higher-TOC material has already been placed. However,
it is not considered practical to alter the sequencing of offsite dredging projects, and engineering
decisions may be required during construction to best meet the intent of this TOC criterion.

2.3.4 Required Volumes of Cap Material

This section summarizes the estimated capping volumes that will be required. The capping
volumes were estimated for each RA as described in Section 4. The estimates are based on the
following:

• The defined area of each RA;

• The required cap thicknesses for each RA;

• The overplacement allowances;

• The anticipated spread of capping materials outside of the defined RAs during cap
placement (discussed in detail in Section 4.8.4);

• Allowances for consolidation of cap material in RAS;

• Allowances for consolidation of native material in RA1;

• A volume contingency of 10 percent, typical in capping projects.

The estimated cap volumes for each RA are summarized in Table 2-1, along with the potential
material sources (upland or dredged material) required in each RA. The total estimated cap
volume is 542,000 cubic yards (cy) for all material types. Because granular upland materials are
to be used, the as-supplied volume is assumed to be the same as the volume placed. That is,
"fluff factors" have not been included in the upland materials volume estimates. Dredged cap
material volume is expressed in barge-measure volume bulk.
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2.3.5 Schedule of Dredged Material Availability

Engineering analyses of material requirements have indicated that dredged material can be used
to construct the cap in RA5, using instantaneous-release bottom-dump placement. Four potential
sources of dredged material, identified by USAGE as being available for beneficial use projects,
have been considered. Table 2-2 summarizes currently identified dredged material sources. This
information was provided by USAGE and provides the best estimate of availability of dredged
material and data necessary to assess material suitability for use at PSR. However, the
information presented in Table 2-2 is subject to change. Table 2-2 also presents the estimated
material quantities that meet the gradation, cohesion, and SQS requirements for construction of
the cap. For materials from these sources, the primary material specifications that may limit their
suitability for use at PSR include SQS compliance and fines content.

hi addition, the availability of dredged material for capping is also affected by other factors
including construction schedule, availability of dredged material, dredging and dredged material
placement rates, contractual considerations, and competition for dredged material from other
similar projects.

• Construction Schedule. The construction schedule developed for the remedy
must be such that the greatest ecological benefits are attained as early in the
schedule as possible so the impact to aquatic resources is minimized. The
resultant construction schedule and sequence may not be consistent with that
developed for the dredging projects.

• Dredging. Only a fraction of the dredged material at some of the dredged
material source locations is expected to be suitable for use in the cap construction
due to failure of some materials to meet gradation requirements. The time at
which suitable material is available will depend on the approach taken by the
USAGE dredging contractor and may vary considerably from one contractor to
another.

• Dredging and Dredged Material Placement Rates. In RA5, where
instantaneous-release bottom-dump placement is acceptable, the rate of material
placement can match the rate of dredging (see Section 2.4 for explanation of
placement techniques). Further, because the placement method does not require
any specialized equipment, material from several different sources can be placed
simultaneously.
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• Contractual Considerations. USAGE contracts for navigational dredging
specify disposal at DMMP open water sites. These contracts will require
modifications to accommodate placement of dredged material as part of the PSR
remedy. No major modification of the work methodology will be required for
placement of dredged material in RA5. Rather, the location of the material
disposal will be changed.

• Competition for the Available Resources. Other projects with similar
requirements for dredged material, such as those in Commencement Bay, may be
scheduled for construction at the same as the PSR remedy. This competition for
the finite quantity of dredged material available each year may limit the amount
that is available for use at PSR. The PSRMP addresses these issues.

2.3.6 Results of Value Engineering Analysis for Cap Materials Sources

Appendix E provides value engineering analyses for several design elements. One of the
analyses in Appendix E compares the options for using dredged material versus upland material
in locations other than RA5 where dredged material may meet the materials specifications,
specifically RA4 and RA2b. Two alternatives were considered:

• Under Alternative 1, dredged material would only be used in RA5
• Under Alternative 2, dredged material would be used in RA2b, RA4, and RA5

This analysis considers the amount of materials required, dredged material availability and
impact on project schedule, materials cost, and the ability to place the materials using controlled
methods.

A key assumption of this analysis is that the cost of placement of materials in RA4 and RA2b is
largely independent of the material type. That is, the use of upland materials and/or dredged
materials in RA4 and RA2b is not expected to significantly impact the material placement cost in
this areas.

Key outcomes of this analysis are:

• With the exception of a minor allowance for consolidation of dredged material,
the quantity of material required to construct the cap in RA4 and RA2b is
independent of the material type.
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• Under Alternative 1, because of the unlimited supply of upland material for use in
RA4 and RA2b, it is estimated that construction would be completed over 3 years
(in two construction sessions), between 2003 and 2005.

• The use of dredged material in RA4 and RA2b (Alternative 2) will double the
duration of the construction schedule compared to Alternative 1. It is estimated
that construction under Alternative 2 would be completed over 6 years, between
2003 and 2008. This time includes one year, 2007, during which no construction
would be possible because no dredging is currently scheduled for that year.

• The schedule impacts were analyzed under the assumptions that dredged material
becomes available on schedule as USAGE anticipates, that all of the suitable
dredged material can be diverted to PSR, and that any timing and/or contracting
issues can be overcome to allow controlled placement in RA2b and RA4. If any
of these assumptions are not valid, the schedule for Alternative 2 could be
significantly extended.

• The cost of purchasing and delivering upland material for use in RA4 and RA2b
(Alternative 1) is higher than the corresponding cost of delivering dredged
material in the same areas (Alternative 2). Specifically, the cost of using upland
materials is estimated to be $1,400,000 greater than that for using dredged
materials (roughly 10 percent of the construction costs). This additional cost
considers only the cost of the materials delivered to the site. Factors such as
lengthened project schedule, and attendant increased construction monitoring and
administrative costs, will significantly erode the potential cost advantage of
Alternative 2.

As described above, use of dredged material in RA4 and RA2b may extend construction from 3
years to 6 years, and would include 1 year where construction activities are not being completed
because no dredging is scheduled for that year. Contract management and administration as well
as the extended duration of required construction monitoring and verification may add $100,000
to $250,000 per year of construction. A delay of 3 years may increase project costs by as much
as $750,000, reducing the cost differential between use of dredged or upland material to
$650,000.

After considering contracting requirements, logistics, costs, and potential impacts to the project
schedule, EPA has determined that it is most practicable to use upland material to construct the
cap in RA2b and RA4.
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2.4 CAP PLACEMENT TECHNIQUES

Cap placement techniques potentially applicable to PSR can generally be categorized as:
(1) instantaneous releases from bottom-dump barges and (2) controlled placement techniques that
employ either surface or subsurface discharge. Each technique has advantages and disadvantages
relative to placement accuracy, turbidity control, impacts on bottom sediments, availability of
equipment, placement rate, contracting strategy, and unit costs. Descriptions of equipment and
placement techniques provided below are adapted from EPA and USAGE guidance (USEPA
1998b).

2.4.1 Instantaneous Release from Bottom-dump Barge

Description

The relatively rapid release of dredged material from split-hull bottom dump barges is termed
"instantaneous release" for the purposes of this design. This method of placement is used for
disposal of suitable dredged material at DMMP disposal sites in Puget Sound. Typically, a split-
hull barge is towed to the target area, the hull is opened, and within about two minutes the
dredged material drops from the barge in one mass. The dredged material then falls through the
water column under the influence of gravity (convective descent). At the DMMP sites, the
contractor and the USCG log the times and positions of the barge at the beginning and end of the
disposal event.

Point discharges from barges are not normally applicable for in situ capping of soft, fine-grained
contaminated sediments such as those at PSR (USEPA 1998b). The surface placement of
capping material from barges results in a faster descent, tighter mound, and less water column
dispersion compared to surface discharge of hydraulically placed capping material from a
pipeline. In the shallower waters typical of most in situ capping projects, an instantaneous
release would not be amenable to placement of a uniform cap and may cause bearing capacity
failures (see Section 4.2.2) and unacceptable resuspension of contaminated sediments on impact.
At PSR, bearing capacity failures during placement on steep slopes could trigger landsliding.
However in the deeper portions of the MSU (RA5), modeling has indicated that for non-cohesive
materials, dispersion during descent through the water column is sufficient to allow a relatively
thin, uniform lift of material to be placed by instantaneous bottom-dump from barges. This
modeling is presented in Appendix D.
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Implications for Design and Contracting

Because no special operational controls are needed (other than coordinating the sequencing and
positioning of the barge dumps), this method can readily be accomplished in RA5 using USAGE
dredging contracts. This design specifies those areas where instantaneous release from bottom-
dump barges is allowed, and designates the barge positioning and the amount of material to be
placed at each target location.3 Because a number of contractors may be used to accomplish this
placement over (potentially) several construction seasons, the individual contractors cannot be
responsible for meeting the requirements of the final cap design.

USAGE will ensure that the cap is ultimately placed as designed in RA5. Cap verification
techniques (discussed in the RA5 CQAP) will be used to verify proper placement. USAGE may
need to modify the number or locations of placement events to accomplish the final cap thickness
throughout RA5. If the verification monitoring indicates that instantaneous releases from
bottom-dump barges are resulting in unacceptable cap placement, then controlled placement
methods may need to be implemented in portions of RA5.

2.4.2 Controlled Placement Methods

Description

In the shallower depths of RAs 1 through 4, more controlled placement methods are needed to
accomplish uniform cap placement and reduce the potential for bearing capacity failures. Several
surface discharge methods have been successfully employed for in situ cap placement.
Alternatively, the use of submerged discharge methods may provide additional control and
accuracy during placement, thereby reducing water quality impacts and potentially reducing the
volume of capping material required. Typically, submerged placement of capping materials is
more costly, but if the placement of the capping materials by surface discharge results in
unacceptable water column impacts, or if the anticipated degree of spreading and water column
dispersion is unacceptable, submerged discharge is a potential control measure. Controlled
surface and subsurface placement methods that could potentially be used at the site include the
following:

• Spreading by Barge Movement. Capping material can be placed using a
bottom-dump barge with selected control of the opening and the barge movement.

The boundaries of RAS are defined by the areas where instantaneous release from bottom-dump barges is
considered acceptable.
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Implications for Design and Contracting

Because no special operational controls are needed (other than coordinating the sequencing and
positioning of the barge dumps), this method can readily be accomplished in RA5 using USAGE
dredging contracts. This design specifies those areas where instantaneous release from bottom-
dump barges is allowed, and designates the barge positioning and the amount of material to be
placed at each target location.3 Because a number of contractors may be used to accomplish this
placement over (potentially) several construction seasons, the individual contractors cannot be
responsible for meeting the requirements of the final cap design.

USAGE, using the PSRMP, will ensure that the cap is ultimately placed as designed in RA5.
Cap verification techniques (discussed in the RA5 CQAP) will be used to verify proper
placement. USAGE may need to modify the number or locations of placement events to
accomplish the final cap thickness throughout RA5. If the verification monitoring indicates that
instantaneous releases from bottom-dump barges are resulting in unacceptable cap placement,
then controlled placement methods may need to be implemented in portions of RA5.

2.4.2 Controlled Placement Methods

Description

In the shallower depths of RAs 1 through 4, more controlled placement methods are needed to
accomplish uniform cap placement and reduce the potential for bearing capacity failures. Several
surface discharge methods have been successfully employed for in situ cap placement.
Alternatively, the use of submerged discharge methods may provide additional control and
accuracy during placement, thereby reducing water quality impacts and potentially reducing the
volume of capping material required. Typically, submerged placement of capping materials is
more costly, but if the placement of the capping materials by surface discharge results in
unacceptable water column impacts, or if the anticipated degree of spreading and water column
dispersion is unacceptable, submerged discharge is a potential control measure. Controlled
surface and subsurface placement methods that could potentially be used at the site include the
following:

• Spreading by Barge Movement. Capping material can be placed using a
bottom-dump barge with selected control of the opening and the barge movement.

3 The boundaries of RAS are defined by the areas where instantaneous release from bottom-dump barges is
considered acceptable.
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A conventional split-hull barge can be opened slowly over a period of tens of
minutes, depending on the barge size and site conditions. This technique is
particularly successful when placing coarse-grained, sandy capping materials.
The gradual opening of the split-hull or multi-compartmented barges allows the
capping material to be released slowly from the barge. Tugs may be used to
slowly move the barge during the release. This method was employed
successfully at the Eagle Harbor/Wyckoff Superfund Site Area 1. Multiple barge
loads are used to cap large areas in an overlapping manner. This method is not
suitable in the shallow depths of RA1, because of barge draft requirements,
potential interference of near shore structures, and propeller wash from the tug
boats.

• Direct Mechanical Placement. Surface discharge of capping material using
conventional equipment such as a clamshell bucket results in the rapid descent of
the capping material to the bottom as a dense jet with minimal short-term losses to
the overlying water column. The use of conventional equipment, such as
conveyors or clamshell buckets, can be considered for placement of capping
material if the bottom spread and water column dispersion resulting from such a
discharge are acceptable. Direct mechanical placement using a clamshell or
conveyor is considered the most appropriate method for sand and gravel in RA1.
A skip box may be used to mechanically place larger materials in RA1, such as
filter rock, quarry spalls, or riprap. Spreading and grading of material using
dozers at low tide is potentially applicable to RA1. Direct mechanical placement
using a clamshell could also be used in RAs 2a, 2b, and 3, however a very
methodical approach would be required similar to the grid system used for a
recent capping project at Puget Sound Naval Shipyard. This approach was very
successful in placing uniform lifts of sand cap material at a rate of about 1,600
cy/day (U.S. Navy 2002).

• Hydraulic Washing. Granular capping materials such as sand can be transported
to a site in flat-topped barges and washed overboard with high-pressure hoses.
This technique produces a gradual buildup of cap material and prevents any
sudden discharge of a large volume of material. A relatively uniform layer of cap
material was placed by hydraulic washing at the Eagle Harbor/Wyckoff Superfund
Site where mudline elevations ranged from -10 to -55 feet MLLW.

• Pipeline with Baffle Plate or Sand Box. Cap placement and spreading could
also be performed using a hydraulic pipeline and an energy-dissipating device
such as a baffle plate or sand box attached to the end of the pipeline. A baffle
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plate decreases the velocity of the capping slurry and reduces the potential of the
discharge to erode contaminated sediments or capping materials already in place.
The sand box is a diffuser box with baffles and sideboards to dissipate the energy
of the discharge. The bottom and sides of the box are constructed as an open grid
or with a pattern of holes so that the discharge is released through the entire box.
This equipment can be used in capping operations to place thin layers of material
over large areas. The cap would be gradually built up to the required cap
thickness by making several passes.

• Submerged Diffuser. A submerged diffuser provides additional control for
hydraulic pipeline discharge. The diffuser, which is used to reduce the velocity of
the slurry during placement, is mounted to the end of the discharge pipeline. A
small discharge barge positions the diffuser and pipeline vertically in the water
column, several feet above the bottom to isolate the capping materials from the
upper water column and reduce resuspension of bottom sediments. Movement of
the discharge barge assists in spreading the discharge to cap larger areas. The
diffuser can be used with any hydraulic pipeline operation including hydraulic
pipeline dredges, pump-out from hopper dredges, and reslurried pump-out from
barges.

• Gravity-Fed Downpipe (Tremie). Tremie equipment can be used for submerged
discharge of either mechanically or hydraulically dredged material. The equipment
consists of a large-diameter conduit extending vertically from the surface through
the water column to some point near or above the bottom. The conduit provides
isolation of discharge from the upper water column and improves placement
accuracy. However, because the conduit is a large-diameter straight vertical
section, there is little reduction in momentum or impact energy over conventional
surface discharge. A telescoping feature of the tremie can allow placement at
greater depths. Anchor and winch systems may be used to swing the barge from
side to side and forward so that larger areas can be capped, similar to the sand
spreader barge. A tremie is not likely to be used at PSR because placement
accuracy is not as important as using techniques that minimize the potential for
bearing capacity failure.

Implications for Design and Contracting

For RA1 through RA4, the project specifications identify an acceptable method of cap placement
to be used by the contractor, and allow a "contractor's option" for cap placement methods to be
proposed.
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As discussed in Section 8.2, one or more contractors will be procured to construct the caps in
RA1 through RA4, using upland material and controlled placement techniques, (hi this
document, the contractor(s) responsible for construction of RA1 through RA4 is (are) referred to
as the "contractor.") Final equipment selection will be the contractor's responsibility. Regardless
of equipment or methods, the construction specifications require the contractor to meet
performance requirements for capping (including placement rates and/or limitations on
individual lift heights, final cap thickness, and compliance with water quality criteria). The
contractor may propose to use any of the methods presented above or an alternative method. The
contractor's proposals will be evaluated by USAGE based on the experience of the contractor and
whether the proposed capping method(s) meets the objectives identified in the specifications.
The contractor will be required to fulfill the requirements of the specifications and to modify
placement methods if performance requirements are not being met. (See Section 8 for
contracting strategy.)

A number of marine contractors in the Puget Sound region could accomplish the capping in RA1
through RA4 using mechanical placement. A limited number of Puget Sound-based contractors
have had experience with sand washing, spreading by barge movement, tremie, or hydraulic
methods of cap placement.

2.5 CAP PLACEMENT VERIFICATION

The cap will be placed in a series of relatively thin uniform lifts to achieve the final cap
thickness. A number of techniques are available to perform the following tasks:

• Measure the thickness and extent of cap placement;

• Verify placement techniques are producing acceptable lift height and uniformity,

• Assess the degree to which contaminated sediments may become intermingled
with the cap during placement.

The CQAP for RA1 through RA4 (included as Part IV of this design package) identifies the
specific techniques and testing frequency that will be used to verify that the cap is being placed in
accordance with the plans and specifications. For RA1 through RA4, the construction contractor
will implement the required testing and reporting specified in the CQAP, and will be required to
take necessary corrective actions (including modifications of placement methods) to ensure
compliance.
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The RA5 CQAP serves the same functions as described above. However, the quality control
requirements (e.g., sampling, surveys) will be implemented by an oversight contractor, and
potential corrective actions will be implemented through new or modified construction contracts
to successfully complete the cap in RA5.

Long-term monitoring of the cap will be covered under the OMMP. Refer to Section 9 for
discussions of the OMMP and the RA5 CQAP.

2.6 CONSTRUCTION WINDOW

The Washington State Hydraulic Code Rule - Saltwater Technical Provisions set forth prohibited
work times in saltwater areas (WAC 220-110-271). For Tidal Reference Area 5, in which the
MSU is located, in-water work is prohibited from March 15 through June 14 for protection of
juvenile salmon migration. However, additional timing restrictions will apply for protection of
other species. Requirements for additional timing restrictions have been identified through
consultation with the natural resource agencies, as part of the informal Endangered Species Act
(ESA) consultation. These additional constraints are site- and activity-specific. The natural
resource agencies identified the following restrictions:

• Dredging - prohibited from February 14 through August 16
• Capping - prohibited from February 14 through July 16

The above restrictions on capping and dredging are used for developing the project schedule
presented in Section 11. It is possible that the prohibited times could be modified through
extraordinary measures, such as on-site monitoring for the presence of species of concern during
in-water work during prohibited periods.

2.7 COORDINATION OF VESSEL TRAFFIC

All in-water work will require coordination of vessel traffic to minimize any impediments to
navigation in the project vicinity. Particular care will be required in coordinating remedial
activities (dredging and capping) near Crowley Marine Services (i.e., work in RA3, RA2a, and
the western portions of RA1). Accommodations for tribal fishing activities may also be required.
Water access issues are further discussed in Section 10.

The specifications require the contractor to plan the construction activities to minimize conflict
with these commercial operations. Where such conflicts cannot be avoided, the required
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coordination will be effected through EPA and/or USAGE. The contractor will be required to
describe vessel management procedures as part of its remedial action management plan,
including the numbers and types of vessels to be used, berthing/tie-up areas, and vessel routes.

Where dredged material is to be used as cap material and placed under other USAGE contracts
(in RA5), USAGE will include any vessel management requirements in those contracts.
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Table 2-1
Estimated Cap Material Volumes and Sources

96,165 96,165
2a 43,638 43,638
2b 18,238 18,238

7,750 7,750
159,157 0 159,157

5a and 5b (a) 217,250 217,250 0
TOTAL 542,199 217,250 324,949

Notes:
CY - cubic yards
a - Dredged Cap Material expressed in barge-measure volume.
All volumes include 10% contingency
See specifications for required properties of materials types
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Table 2-2
USAGE Maintenance Dredging Schedule and Material Suitability

Tver
Upstream Basin 2006

2008
Snohomish
River
Downstream
Basin

250,000 2002 Port
Gardner

2005
2008

Aug. To
Jan.

228,000

Snohomish
River Upstream
Basin

250,000 250,000 2002 Riverside 2005
2008

Aug. To
Jan.

228,000

Swinomish
Channel / La
Conner

35,000 35,000 2002 Rosario
Strait

2004
2006
2008

Aug. To
Jan.

32,000

"Other projects could potentially generate suitable dredged material in the timeframe of interest. This table presents
recent available information and each project is subject to change.
"Material suitability based on an assessment of available grain size data for each site.
The fish window, during which dredging is restricted, may vary and may not correspond to the

fish windows for PSR.
*rhe estimated rate of dredging is based on historical data from previous dredging operations at
each site.

Note:
cy - cubic yards
cy/mo - cubic yards per month

Source: USAGE 2002.
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3.0 DREDGE DESIGN

3.1 DESIGN OBJECTIVES AND CONSIDERATIONS

Sediments will be dredged from the Crowley Marine Services Area (RA3) and adjacent portions
of RA1 to make room for the cap. The ROD states, "The purpose of dredging this material is to
maintain current navigational depths and access to Crowley Marine Services." The ROD
estimated 3,500 cubic yards of material require dredging.

3.1.1 Design Criteria

The areas of rug operations and required operational depths were presented in the feasibility
study (USEPA 1998c). Based on input from Crowley Marine Services, these boundaries have
been modified slightly, and are shown in Figure 3-1. The currently available operational depth
depends on tidal elevations. The "desired mudlines" shown in Figure 3-1 illustrate mudline
elevations that would be required to achieve the operational depth requirements during extreme
low tide (-4 feet MLLW). The existing mudline elevations are higher than the desired mudlines
and do not meet the operational depth requirements during low tide, particularly in the southwest
portion of this area. Crowley Marine Services has indicated that the existing mudline elevations
are not ideal, but work well for their operations 98 to 99 percent of the time (Hannuksela 2002).

Based on the ROD requirements and the information provided by Crowley, the design criterion
for the final elevations is to maintain the existing mudline elevations in the area designated in
Figure 3-1. This criterion, along with the design cap thickness and slopes, is used to design the
dredge cuts in RA3.

3.1.2 Design of Dredge Cuts

The area to be dredged is a sloping, irregular, crescent-shaped area. Designing a uniform, flat-
bottomed dredge prism in this area would require dredging more than 15 feet of material near the
southeast dolphin, with a substantial slope cutback towards shore for slope stability. Given the
desire to minimize dredge volumes, the need to match slopes and grades with the RA1 cap, and
the potential for deep dredge cuts to compromise the integrity of the dolphin, a uniform dredge
prism is not desirable. Therefore, the RA3 dredge design is based on a performance requirement
to remove a specified minimum thickness of material in the designated area, with cutbacks at
specified slopes.
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The minimum thickness of material to be removed is 5 feet in the area designated in Figure 3-1.
This is based on placement of a minimum 3.5-foot-thick cap in RA3, with a 1-foot cap
overplacement allowance and a 0.5-foot buffer.

The design drawings show limited additional dredging that is required to accommodate the
former Longfellow Creek outfall extension located on the southwest shoreline, west of the
viewing pier. The existing 84-inch-diameter outfall will need to be extended to facilitate
completion of the intertidal cap.

The contractor will be required to ensure that the specified minimum amount of material is
removed and specified slope cutbacks are attained. Because of dredging inaccuracies, the
contractor may remove, on average, an additional 12 inches beyond the required removal
thickness, to address any sloughing that may occur and ensure specified depths are achieved.
Therefore, in all dredge areas, a 1-foot dredge overdepth allowance has been specified.

3.1.3 Constructability Issues

The large dolphins in RA3 are over-water structures supported by piling. Navigation does not
occur under the dolphins, and dredging is required only for maintaining navigational depths.
Consequently, dredging will not be attempted under dolphins. Adjacent to dolphins, the
contractor will be required to remove the specified depth of material to within 5 feet of the
dolphin to facilitate navigation following cap placement.

The Crowley Marine Services pier includes dolphins supporting the pontoon system for raising
and lowering the pier. No under-pier dredging is feasible to allow construction of a thick cap in
RA1 under the pier. This is discussed further in the RA1 cap design, Section 4.3.

Dredging in the vicinity of Crowley Marine Services will be required prior to cap placement. In
RA1, cap placement should follow dredging within a relatively short timeframe (less than 1
month) to minimize sloughing of dredged slopes. For the Longfellow Creek outfall extension,
temporary slope protection will immediately follow dredging to prevent sloughing into the
trench.

Around Station 9+00, capping will be required as soon as possible after dredging is complete, for
slope stability. This is further discussed in Section 4.2.3.
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3.2 DREDGE QUANTITIES

Based on the minimum 5-foot dredge depth and specified slope cutbacks, the neatline dredge
volume is 8,040 cubic yards. With the 1-foot dredge overdepth allowance, the overdepth
quantity is 1,810 cubic yards. The total estimated dredge quantity is 9,850 cubic yards. All
quantities are expressed as in-place volumes.

3.3 DREDGE METHODS AND MATERIAL HANDLING

Use of mechanical dredging equipment is specified as it is anticipated to be more cost effective
and has fewer associated dewatering logistical concerns than hydraulic dredges. Dredging
performance requirements are set forth in the specifications, and verification of the dredge cuts
and compliance with water quality criteria are addressed in the CQAP. These requirements
include, for example, allowable overdepth for dredging, bathymetric survey requirements, and
water quality sampling requirements. An evaluation of the short-term water quality impacts
associated with mechanical dredging is presented in Section 5.

As described in the pre-design investigation data summary (USEPA 2002a), the material to be
dredged was physically characterized from a composite sample of cores from three sampling
locations in the area of Crowley Marine Services. The results of this characterization will be
included in the bid packages for the contractor to evaluate. This material should be readily
dredged and should not pose special difficulties in handling.

The contractor is required to submit a Remedial Action Management Plan (RAMP) that
describes the equipment, procedures, materials, methods, disposal location, and personnel to be
employed for dredging work. The requirements for the RAMP are set forth in the specifications.
Dredged sediments will be allowed to gravity-drain on barges on site for several hours to
minimize free draining liquids, prior to being loaded for off-site transportation and disposal.

3.4 WASTE HANDLING, TRANSPORTATION AND DISPOSAL

Disposal of dredged sediments will be at an established upland solid waste landfill, in accordance
with the ROD. Piling or other debris encountered during the remediation will be managed in
accordance with the substantive provisions of state regulations (WAC 173-304-200), and will be
either recycled or sent to a permitted solid waste facility. Also, all off-site treatment, storage, and
disposal of Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) waste will occur at facilities that are acceptable under EPA's Off-Site Rule.
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The design specifications set forth the performance requirements for accomplishing waste
transportation and disposal such as handling and dewatering requirements. The contractor's
RAMP will discuss the specific equipment and logistics. If barges are to be used for transport of
material dredged from the MSU, they will be subject to requirements for leakage and overflow
that are commonly used in sediment remediation. Through communications with one local
landfill, it is known that at least one dedicated rehandling/offloading facility will exist within a
few miles of the site, to accomplish the transfer of dredged material from barge to lined rail cars.
The contractor will contract with the handling and disposal facilities and will identify these
facilities and haul routes in the RAMP.

As described in the pre-design investigation data summary (USEPA 2002a), the results of the
bulk chemical analysis and toxicity characteristic leaching procedure (TCLP) analysis of
sediment in the dredging area indicate that the material will not be designated as dangerous
waste, and thus can be disposed of in a Resource Conservation and Recovery Act (RCRA)
Subtitle D landfill. The specifications do not identify the landfill, but specify the disposal
requirements. The contractor will be responsible for any additional sampling and analysis of
dredged material (or other waste) that may be required by the landfill.
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4.0 CAP DESIGN

This section presents an overview of the cap design process, slope stability analysis and
geotechnical considerations in the cap design, the basis of the cap design for each RA, and an
evaluation of impacts to areas outside of the capping boundary resulting from cap material
deposition during cap placement.

4.1 CAP DESIGN PROCESS

The composition and thickness of the components of a cap can be referred to as the cap design.
The cap thickness is based on a series of additive layers that perform the various functions of the
cap. The cap thickness is determined as follows:

0T, = Tb + Te + Tc + Tj + T

where:

T, = total cap thickness
Tb = thickness for bioturbation
Te = thickness for erosion
Tc = thickness for cap consolidation
Tj = thickness for chemical isolation
T0 = thickness for operational considerations

Figure 4-1 depicts the function of these cap components, which are discussed in the following
subsections. Cap design parameters for each of the RAs are presented in Table 4-1 . Typical cap
sections are presented in the drawings. Considerations in determining cap component
thicknesses are described below; detailed cap designs for each RA are presented in later
subsections.

4.1.1 Evaluation of Bioturbation Thickness

Evaluation of the required bioturbation thickness is based on a review of existing information.
The biologically active zone is generally taken to be the top 10 cm of sediment, and compliance
with the Washington State Sediment Management Standards (SMS) (WAC 173-204) is based on
samples from 0 to 10 cm. However, it is well known that some burrowing animals may exist at
greater depths. Most benthic species live in the oxic (i.e., oxygenated) sediment zone, which in
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the Puget Sound region commonly extends only about 10 cm into the sediment. However, under
favorable conditions, some benthic species are known to burrow as deep as 6 feet. Deep-
burrowing species either use siphons to draw oxygenated water from overlying water, or live in
burrows connected to the overlying water, which can provide a microhabitat of oxygenated
conditions. Deep-burrowing species include the geoduck (Panope abruptd) and ghost shrimp
(Neotrypaea spp.\ both of which can be found as deep as 30 inches (75 cm). Members of the
polychaete worm family Chaetopteridae live in tubes that can extend to depths up to 6 feet
(2 meters) in sandy sediment.

The benthic infauna survey performed for the remedial investigation at PSR (USEPA 1998a,
Appendix K) provides a comprehensive list of the benthic species present at PSR. Ghost shrimp
and Chaetopteridae were found in sediments at the site. Geoducks were not found at PSR but
are known to be present near the mouth of Elliott Bay. Bent-nosed clams (Macoma nasutd) are
present at PSR, and can be found as deep as 6 inches (15 cm) at other locations within Puget
Sound.

The majority of species and abundance of individuals at PSR are shallow-burrowing organisms
that inhabit the oxic top 4 inches (10 cm) of the sediment. To allow an additional degree of
protection, the thickness of the bioturbation layer (Tb) in RAs 2 through 5 is 6 inches (15 cm).
This value is consistent with the design bioturbation thickness selected for the Eagle Harbor cap.
Although some burrowing species may extend deeper than this, 6 inches is considered to be
conservative given the presence of other cap layers, the additivity of the equation for cap
thickness determination, and the potential multiple functions provided by the other thickness
components4. Also, the species present at PSR that are found deeper than 10 cm in sediment at
other locations within Puget Sound are generally either species with siphons that can draw water
from at or slightly above the sediment-water interface, or are species that live in burrows
connected to the overlying water, which can provide a microhabitat of conditions different from
the conditions found at depth within sediment.

Ghost shrimp prefer intertidal to shallow subtidal habitats, and sandy silt to silty sand substrates.
It is under these conditions that high densities of ghost shrimp burrows tend to exist, which could
potentially result in deeper horizons of significant bioturbation (Stivers 2002). At PSR, the cap
in the intertidal and shallow subtidal elevations will be relatively thick and composed of gravels

In particular, the operational layer thickness will provide, on average, several inches of additional clean
capping material for potentially deeper-burrowing benthic species. The chemical isolation layer thickness will
consist of clean capping material in which a contaminant front slowly advances over a period of several decades, and
so the upper portion of the chemical isolation layer thickness will remain uncontaminated until the end of the cap's
design life.
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and sands, which will tend to both decrease burrow density and provide sufficient cap thickness
in the unlikely event of deeper bioturbation.

hi deeper subtidal areas, dense beds of ghost shrimp are unlikely to develop, and deeper
bioturbation by ghost shrimp should be minimal. The presence of burrowing organisms at depths
greater than 6 inches (15 cm) would have no effect on chemical transport, as long as the
organisms do not penetrate into the bottommost, chemical isolation horizon of the cap. If the
deeper-burrowing organisms such as ghost shrimp do penetrate into the chemical isolation layer
(or into the underlying contaminated sediments), then little in the way of sediment mixing is
expected to occur. Some facilitated diffusion of contaminants may occur, as contaminants
diffuse from the porewater, into the macroscopic burrows, and then out through the sediment cap.
However, during the predesign investigation it was determined that the contaminant
concentrations in the porewater of the contaminated sediments are generally below water quality
criteria, and as previously noted, circulation of water within the burrows creates a microhabitat
that would further decrease contaminant concentrations in the burrows. Such facilitated
diffusion is therefore not expected to significantly affect the cap life.

A Tb equal to 6 inches is considered adequate to prevent burrowing aquatic organisms from
displacing the isolation barrier and reworking the surface of the sediments. A more conservative
value was selected for the surface of RA1 (Tb of 12 inches) to qualitatively account for potential
human disturbances of the cap in the intertidal area, through such activities as shellfish
harvesting or other recreational digging.

4.1.2 Evaluation of Erosion Thickness

Appendix A presents an evaluation of erosive forces acting on the cap. This analysis includes an
evaluation of wind and tidally-driven waves, propeller wash, and cross-shore sediment transport.
The approach taken in this design is to develop materials specifications for cap material particle
sizes that resist the calculated erosive forces, rather than design an additional thickness to
accommodate erosion of finer material.

Because the cap materials specifications are designed to resist erosion, modeling of long-term
rates of erosion (e.g., with LTFATE) was not necessary. In most areas, Te will be equal to 0
inches. However, to account for potential reshaping of the intertidal areas by wave action, or
potential extreme propeller wash in the Crowley Marine Services area, nonzero values of Te are
specified in these high-energy areas, such that limited erosion or reshaping of the beach does not
necessitate maintenance.
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4.1.3 Evaluation of Cap Consolidation Thickness

Evaluation of cap consolidation thickness (Tc) is based on the properties of cap materials, which
will generally consist of granular materials. The specified granular upland materials are
essentially self-consolidating in a short timeframe, and no additional cap thickness is needed to
allow for long-term consolidation of the capping material itself. Thus, Tc is equal to 0 inches for
areas in which upland material is used. A nonzero value of Tc is specified for RA5 where
dredged material is used.

It is noted that underlying sediments will consolidate under the cap load, and this consolidation is
evaluated in Appendix C.

4.1.4 Evaluation of Chemical Isolation Thickness

The chemical isolation thickness (Ts) considers the movement of contaminants upward into the
cap over time through long-term diffusion, advection, and dispersion, as well as short-term
expression of contaminated porewater into the cap after placement. Appendix B presents the
chemical isolation analysis used to specify the values of Ts for the various remediation areas.
Specifications for required organic carbon content of the cap materials are based on this analysis.

4.1.5 Evaluation of Operational Thickness

The operational thickness (T0) component of the cap is primarily related to the ability to place a
relatively uniform, thin cap layer. Any placement technique will result in some unevenness of
the cap, and subaqueous caps cannot be constructed to the tolerances typical of those in terrestrial
earthwork projects. The value allowed for T0 in the design is based on:

• The placement technique used (e.g., bottom-dump barge placement, hydraulic
washing of sand, towed split-hull barge)

• Water depths

• Cap material properties

• Bottom roughness and slopes

Appendix D presents the results of cap placement modeling (using the USAGE STFATE model)
that accounts for these factors and provides representative mound geometries for instantaneous
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bottom-dump placement of capping material in RA5, where the predicted mound geometries are
used to establish T0.

For RA1 through RA4, a different approach is used for including T0 into the cap thickness
design. For the purposes of developing plans and specifications, T0 is not added to the required
cap thickness, but rather is included as an "overplacement allowance." Thus, the contractor will
be required to achieve the minimum cap thickness in all locations, and will be paid for
overplacement of material only up to a thickness of T0. T0 in RA1 through RA4 is specified
based on engineering judgment for conditions at the site, and experience at other sites.
Overplacement allowances account for potential inaccuracies and unevenness of cap construction
and provide a degree of assurance that the entire capping area will be covered with at least the
minimum required thickness necessary for cap function.

Another operational concern is vessel anchoring. The selected remedy includes a no-anchor zone
over the cap design area to prevent damage from commercial vessels using large, whale-tail-type
anchors. While recreational vessels may anchor on the cap, the area impacted by these anchors is
very small, and penetration depth is typically limited to 1 to 2 feet (Palermo et al. 1998). When
the anchors are removed, the disturbed area is quickly filled. Thus, no additional operational
thickness for recreational vessel anchoring is required.

4.2 SLOPE STABILITY EVALUATION

Appendix C provides the detailed geotechnical evaluations used in the cap design. The results
are summarized below.

4.2.1 Summary of Static and Seismic Stability

Static Stability

The existing slopes at the site are stable under static conditions. Slope stability analyses indicate
static factors of safety (FS) greater than 3 for general slope conditions in the MSU, under both
existing and post-capping conditions. Static FSs greater than 1.5 are indicated for localized
oversteepened areas, under both existing and post-capping conditions. Thus, it is concluded that
proper placement of the cap will not result in unstable slopes for static loading conditions.
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Seismic Stability

The occurrence of the February 2001 magnitude 6.8 Nisqually earthquake, combined with
bathymetric data collected before and after the earthquake, provided a unique opportunity to
calibrate the seismic stability analysis to the observed response of the slopes to seismic loads.
Pre-Nisqually earthquake bathymetric data suggest the presence of at least five features in the
MSU that are interpreted as past landslides, most likely the result of historic earthquakes.
Examination of the post-Nisqually bathymetry indicates that the existing slopes appear to have
remained stable during the Nisqually earthquake.

As a basis for design, a conservative assumption was made that the Nisqually earthquake brought
the sediments to just below the trigger point of liquefaction, i.e., the FS of liquefaction was
approximately 1.0. A peak ground acceleration (PGA) corresponding to the liquefaction-
triggering value of 0.13g computed from CPT back-analysis was therefore identified as the
seismic design parameter.

Using the calculated submarine PGA of 0.13g, the pseudo-static analysis indicated seismic FSs
greater than 1.3 for general slope conditions in the MSU. Seismic FSs less than 1.0 were
computed for a representative local over-steepened slope along the margin of an existing
landslide feature, indicating that local failures may be expected in steepened zones of the
sediments similar to the Nisqually seismic event. The extent of the predicted failure for the local
steepened zones is relatively small and involves mainly the upper cap material and few feet of the
upper silt layer for a distance of about 100 feet in the direction of the maximum slope gradient.

Design Parameters

The slope stability analyses (based on the calibrated site response to the Nisqually earthquake)
indicate that moderate-sized earthquakes like the Nisqually event will not cause large-scale
landslides, but could cause instability at localized over-steepened areas that can be found at the
edges of some of the old landslide features. Such moderate seismic events would typically occur
at 30- to 50-year intervals, and potentially cause minor or localized cap damage.

Larger earthquakes with return periods of roughly 100 years or more (with an associated
submarine PGA of at least 0.18g) will likely cause substantial liquefaction that will result in
large-scale landslides of size and shape similar to the historic slides evident in the pre-Nisqually
earthquake bathymetric data. Such slides would typically involve individual slide masses
roughly 20 feet deep, 100 feet wide and several hundred feet long, which would "run out" to
distances of at least several hundred feet beyond the toe of the slide zone.
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The slope failures that may result from these seismic events do not pose human health risks but
will cause short-term disruption to the benthic community in the affected slide zone. As
discussed in the OMMP, such cap damage will be repaired by placement of additional cap
material as part of the long-term operation and maintenance (O&M) of the remedy. The
estimated O&M costs associated with such seismic damage are based on this analysis.

4.2.2 Bearing Capacity and Implications for Cap Placement

This subsection discusses the short-term slope stability effects of cap loading during placement.
These results apply to the cap placement methods and performance requirements during
placement, but do not apply to the long-term slope stability analysis discussed above.

Description

As the cap is placed on the existing sediments, the vertical pressure applied to the sediments will
cause consolidation settlement of the sediments as the skeletal structure of the sediments is
compressed and pore water is expelled. If the applied vertical pressure is too high, a bearing
capacity failure and associated shearing deformations and slumping will occur within the
sediments. These deformations may be both vertical and lateral near the edge of a loaded area,
and may take the form of a rotational failure and/or "mud wave." In relatively flat areas, such a
bearing failure may result in some intermingling of sediments with cap material and the need for
a thicker cap. However, in steep areas, bearing failures may induce larger slides and transport of
material downslope. Thus, in RA4 and near the top of the slope (in portions of RA1, RA2a and
RA2b), careful placement is considered essential to minimize any bearing capacity failures that
may trigger larger slides.

To avoid a bearing capacity failure, the magnitude of the vertical pressure applied at the surface
of the sediments should be limited to the "allowable" bearing pressure of the sediments. This
same principle is used to design shallow footings for structures, and to design roadway
embankments on soft ground. The allowable bearing pressure equals the "ultimate" bearing
pressure (i.e., the pressure that directly causes shear failure of the sediments) divided by an
appropriate factor of safety.

As reported in a previous technical memorandum (USEPA 2002b) and as presented in
Appendix C, the organic silt sediments will consolidate and the undrained shear strength of the
sediments will increase under the pressure applied by the first lift (layer) of capping material.
The consolidation and the strength increase of the organic silt sediments will be completed in
approximately 5 days. Because of the strength increase in the organic silt sediments, the
allowable bearing pressure for the second and subsequent capping lifts will be higher than for the
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initial lift. Sequencing of the capping operation is designed based on the concept of progressive
increases in the allowable bearing pressure as the capping proceeds.

Key Parameters

The following key parameters affect the calculation of allowable lift heights for each RA:

• Undrained Shear Strength. In RA1 through RA4, the undrained shear strength
of the organic silt sediments has been measured as low as 10 pounds per square
foot (psf) from pre-design investigation vane shear testing. While this value is
variable and higher shear strengths were measured in other locations in these
areas, use of this low value is considered appropriate as it is not possible to map
all areas where the least competent sediments may exist. This value is also
appropriate for the shallower portions of RA5, from approximately -175 feet
MLLW and shallower. In the deeper portions of RA5, where the organic silt layer
is absent or more competent, the undrained shear strength in the upper 2 to 4 feet
of sediments has been estimated in the range of 200 psf to 500 psf using CPT
data.

• Factor of Safety (FS). Selection of an appropriate FS for cap placement in each
RA is based on consideration of the placement methods and the consequences of
bearing capacity failure. In RA1 through RA3, controlled placement methods will
be used and the consequences of a bearing capacity failure would generally be
limited to a greater intermingling of sediments with cap material and the potential
need for a thicker cap in localized areas. Thus, an FS of 1.0 is used in RA1
through RA3. In RA4, controlled placement methods will be used, however the
consequences of a bearing capacity failure could be significant landsliding,
potentially resulting in the need to re-cap large areas. Thus, a more protective FS
of 2 is used in RA4. In RA5, instantaneous bottom-dump placement will be used
and the cap material may actually be applying an impact load to the surface of the
sediments. Thus, a higher FS of 3.0 is used in RA5.

• Buoyant Unit Weight The buoyant unit weight of the specific cap materials
proportionately affects the allowable lift heights. A buoyant unit weight of 50
pounds per cubic foot (pcf) is used to represent upland cap materials placed in
RA1 through RA4. A buoyant unit weight of 50 pcf is also used to represent
dredged materials placed in RA4 and RA5. This estimate is based on STFATE-
modeled dredged material mound heights and the USACE-suggested void ratios
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for long-term mound configurations. The buoyant unit weight calculations are
shown in Appendix D.

Methods of Analysis

The method of analysis of the bearing capacity of the cap lifts was complicated by the following
considerations:

• The existing "foundation" consists of layers of both "cohesive" soil (shear
strength consisting of cohesion but no friction angle) and "granular" soil (shear
strength consisting of a friction angle but no cohesion) layers.

• The actual load applied by each successive cap lift is very wide, and it is
nonuniform in thickness, increasing from negligible values around the edges of
the lift to a maximum value at the center of the lift.

These considerations led to two separate approaches to the analysis.

Approach 1. The bearing capacity of the cap materials placed on the existing sediment was
initially examined using the traditional general bearing capacity equations as presented in
Terzaghi and Peck (1967) where a uniform load is applied over a well defined area of width "B",
and the ultimate value of bearing pressure q(ult) is a function of the weight and shear strength of
the soil as well as the B dimension. For the special case of loads applied to the surface of a
homogeneous cohesive foundation soil, i.e., a soil with shear strength defined only by the
cohesion component, the general bearing capacity equation reduces to a single term:

q(ult) = c (NJ

where c = cohesion (undrained shear strength)
and Nc = constant ranging from 4 to 6

However, this simple equation applies only to the case where the bearing capacity failure zone is
limited to the thickness of the cohesive foundation soil thickness. For the case of a layered
foundation soil with both cohesive and granular layers (including the first lifts of the cap
material) the general bearing capacity equations cannot be applied directly, and a limit analysis
slope stability approach is commonly adopted. Where it is present, the surficial 3.5-foot-thick
layer of very soft organic silt tends to produce the lowest FS for bearing capacity, and hence
limits the lift thickness values for the desired FS of 3. The analysis for the first lift, assumed to
be at least 10 feet wide and capable of failing anywhere within that 10-foot dimension, was
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performed using the single term equation above. The analysis for later lifts was performed using
the commercially available slope stability software SLOPE/W by Geoslope Limited. The values
of cohesion (undrained shear strength) for the surficial organic silt layer ranged from 10 psf,
which was the lowest value recorded during in situ vane shear tests, to 35 psf, which was used
for the slope stability analysis based on back-computation from observed stable slope
configurations.

Approach 2. A second examination of bearing capacity was performed assuming that the
dimensions of the lifts can be approximated from the results of STFATE modeling of the cap
mounds in RA5. The STFATE mound widths originally calculated at approximately 600 feet
were reduced to 100 feet to represent the steepest part of the mound slope and to represent a
locally possible but near-worst-case situation. The bearing capacity analysis was then performed
using SLOPE/W.

Results

Table 4-2 summarizes the allowable cap lift thicknesses. Appendix C presents the calculations
of these thicknesses. Table 4-2 also presents the calculated placement rates (tons per acre) that
are based on achieving these lift thicknesses and are used in developing the performance
requirements in the specifications.

For RA5, the resulting allowable lift thickness value using Approach 2 (1.3 feet) is substantially
greater than that from the Approach 1 analysis (0.3 foot) for the same soil parameters and safety
factors, as reflected in Table 4-2. This result underscores the degree of uncertainty in these
calculations.

The thicknesses shown in Table 4-2 are used to define performance requirements for the
controlled cap placement methods that will be used by the contractor in RAs 1 through 4. In
addition, the allowable cap lift thicknesses for RAS have been used in conjunction with STFATE
modeling to define the RA4 / RAS boundary, such that instantaneous bottom-dump placement in
RAS is not expected to result in bearing capacity failures. The RA4/RA5 boundary analysis is
presented in Appendix D.

hi RA1 and RA4, a best management practice has been adopted to minimize the potential for
load bearing failure and cap material movement on slopes. Cap construction will proceed from
deeper areas to shallower areas; therefore the slope loading will begin at the bottom of the slopes
and move upward. This will create, in effect, a buttress to the slope and enhance slope stability.
This "bottom up" approach is shown on the plans.
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4.2.3 Slope Stability Considerations for RA1

General Revetment Design

Guidance on coastal protection (for example Allsop and McConell 2000 and USAGE 1995b)
indicates that protective material (revetment or riprap) on shoreline slopes should consist of an
armor layer, a filter layer, and toe protection. From the geotechnical perspective, the revetment
must be designed to resist slope failure and slumping, and must not induce failure of the slope on
which it may be placed. Excessive differential settlement can lead to local failure zones within
the revetment. Settlement and slumping can be induced by washing out of filter material and or
existing sediment due to wave action.

To address these issues, revetment slopes, materials sizing, and toe berm and key design were
conducted in accordance with USAGE guidance (USAGE 1995b). Significant wave heights for
the design 50-year wave were calculated and used to size the riprap and an appropriate filter
material. These calculations are shown in Appendix A.

Slope Stability Analyses in RA1

Revetments inclined at a slope of 2H:1V are typically expected to be stable where the slope
above and below the revetment is reasonably flat. However, a detailed slope stability analysis
was performed to assess cases where a 2H:1V revetment is placed above existing slopes that are
inclined at more than approximately 10 degrees (roughly 6H:1 V slope). Also, where dredge
cutbacks extend to the toe of the existing riprap revetment, a detailed slope stability analysis was
performed. Static and seismic analyses were conducted for the following sections (refer to
design drawings for section locations):

• Station 9+00: This station is considered a worst-case condition of dredge
cutbacks that may potentially undermine existing riprap. To accommodate the cap
in RA3, the dredge cutback in this region extends to the toe of the existing riprap
at a 2H:1V slope. The calculated static safety factor for the design cutback is 1.55
in this area, indicating the design cut is expected to be stable. Seismic evaluations
are not applicable here, as the cutback condition is temporary and the final slope
configuration is considered more stable than the two other sections evaluated
below. While the temporary cut slope is expected to be stable, the contractor will
be required to avoid over-cutting and to limit the duration the cut is left open
before installing the cap.
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• Station 16+50: The RA1 cap configuration was evaluated at Station 16+50
because this area represents revetment construction on one of the steepest sections
of the existing nearshore mudline. This area appears to include a historic
submarine slide, and transects the viewing pier. For the design cap configuration,
the static FS is 1.82 and the seismic FS is greater than 1.07. The seismic FS was
obtained by assuming that the 1.5-foot thick layer of "upper silt" (typical un-
improved undrained shear strength of 100 psf) gets mixed with or displaced by a
suitable subgrade rock material and has a final "improved" shear strength
represented by a friction angle of 35 degrees. This assumption is based on
placement of crushed rock as the first two feet of fill. The industry-standard
seismic FS target for slopes associated with civil works projects is 1.1. Slopes
that are configured similar to those at Stations 16+50 and 18+85 cannot achieve
that target seismic FS unless rock fill is used as the initial lift(s) to strengthen or
replace the existing Upper Silt and to improve the upper portion of the
Intermediate Silt layer. Finally, the liquefaction potential of the RA1 cap material
was evaluated using LiquefyPro software. The sand layer of the fill is marginally
liquefiable, but the residual strength of the fill provides a static FS of at least 1.1.

• Station 17+85: The RA1 cap configuration was evaluated at Station 17+85
because this area represents revetment construction on another of the steepest
sections of the existing nearshore mudline. The results at this station were very
similar to those at station 16+50, with acceptable static and seismic FS.

In summary, the RA1 cap design includes placement of 2 feet of crushed rock as the first fill
layer to improve the slope stability under seismic loads. The crushed rock is required between
stations 9+25 and 18+00, and above the daylight of the dredge cuts west of Station 9+25. The
crushed rock is not required where the thick slope cap revetment is not used (i.e., between
stations 18+00 and 24+00) or where the upper silt layer is being dredged out (i.e., in the dredge
cuts between stations 3+50 and 9+25).

Analysis of Design Slopes of Thick Slope Cap

The design revetment slope for the Thick Slope Cap of 2H:1V is a typical design for revetments
in Puget Sound and elsewhere. Analyses were performed to evaluate the potential for increasing
the design revetment slope to steeper than 2H:1 V. Using a simple "infinite slope" approach and
data on the properties of loose sand, the analysis indicates that the reasonably well graded sand
can be placed underwater using backhoe or similar bucket methods to achieve a relative density
that would be associated with an angle of repose of approximately 30 to 31 degrees. Placing this
material on a 2H: 1V slope (26.5 degree angle) will result in a temporary FS of approximately 1.2.
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This situation is adequate until placement of overlying materials (filter material and rip rap)
further densifies the cap subgrade to its final assumed friction angle of 33 degrees. Placing the
cap subgrade sand at angles steeper than 2H: 1V would result in a high likelihood of local
sloughing and instability before the filter material and riprap are placed.

The design drawings show the thick slope cap slopes constructed at 2H:1V. The specifications
require the contractor to correct any sloughing that may occur prior to placing the filter material
and riprap, hi no locations can the final constructed slope above the toe berm exceed 1.75H:1 V
(30 degrees).

Analysis ofDowndrag at Viewing Pier

Construction of the cap in RA1 will result in a variable amount (0-10 feet) of fill material being
placed around the existing friction piling that support the viewing pier. To bracket the possible
response of the piles to the placement of as much as 10 feet of fill, two separate possible soil
profiles were examined:

• Profile 1: 3.5 ft of highly compressible silt overlying at least 30 feet of
compressible silt and sand mixture.

• Profile 2: 3.5 ft of highly compressible silt, underlain by 16.5 ft of compressible
silt and sand mix, underlain by at least 20 ft of medium dense sand.

As the actual length of the piles is unknown, an embedment of 30 feet below the mudline was
assumed. The actual embedment may be considerably greater, and thus the settlement predicted
in this analysis may be greater than the actual settlement.

For Soil Profile 1, the pile tip is embedded in compressible soil and is expected to settle with the
soil by an amount approximately equal to 20 inches. This maximum amount of settlement would
occur at the location of the thickest fill, and settlement at the entrance to the pier and at the end
of the pier would be very small.

For Soil Profile 2, the pile tip is embedded in a medium dense low compressibility sand that will
settle only a small amount from the effects of the future fill placement, and will offer resistance
to downdrag loads applied to the pile. Overall, the pile settlement is expected to be
approximately 2 inches.

In conclusion, under the worst-case scenario, the piles near the center of the pier could settle
approximately 20 inches. It is also likely that a small amount of downslope lateral deformation
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of the piles on the steepest portion of the slope could occur during fill placement. It is
recommended that the viewing pier be closed to the public while cap construction is occurring
within 100 feet of the pier. The Port of Seattle will be responsible for evaluating any settlement
impacts to the pier and making any repairs that may be necessary prior to reopening the pier.

Consolidation of MSU Sediments in RA1

The existing very soft Upper Silt layer and Intermediate and Lower Silt layers will compress as a
result of the placement of cap material in RA1. The amount of settlement will be variable
depending on the local thicknesses of the cap and the very soft Upper Silt layer, and may range
from about 17-23 inches. The contractor is required to construct the RA 1 cap to the final grades
shown (within the specified overplacement and underplacement allowances). The quantity
estimates for RA1 include additional quantities to account for an estimated 20 inches average
overall settlement of the existing subgrade.

Consolidation Evaluation For Outfall Extension

The 84-inch, reinforced-concrete pipe extension of the Longfellow Creek Overflow will pass
through the cap in RA1, as shown on the Drawings. To accommodate this extension, existing
sediments must be dredged along the alignment. This dredging is anticipated to remove all
highly compressible sediments from the pipeline alignment, and the Drawings and CQAP include
provisions for additional dredging if required to remove all highly compressible sediments. After
installation of the extension and capping, the consolidation along the pipeline is estimated be on
the order of 2 inches. This consolidation is considered acceptable given the allowable deflection
at each joint of the pipeline.

4.3 RA1 CAP DESIGN

Because of topographic variations in the intertidal area, navigational depth requirements, and the
need to transition between the minimum 5-foot intertidal cap and the off-shore caps, the RA1 cap
design as discussed in the following sections is composed of two parts:

• A gravel cap constructed to moderate slopes at finished elevations in the intertidal
zone. The gravel cap provides a stable cap of a thickness necessary to provide for
nearshore habitat. The gravel cap is used to the maximum extent practical;
however, in many locations the grades of the gravel cap cannot match the steeply
sloping existing mudlines.
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• A thick slope cap constructed to slopes of up to 2H: 1V. This cap generally is used
at subtidal elevations, to allow grade transition between RA1 and the offshore
caps in the other RAs. hi some locations, the existing nearshore mudlines are
sufficiently steep that the thick slope cap must extend upward into intertidal
elevations.

4.3.1 Cap Thickness

Intertidal Elevations

The thickness of each component of the RA1 cap at intertidal elevations (i.e., finished grade
above -4 feet MLLW) is described below:

• The bioturbation thickness, Tb, is specified at 12 inches. As described in Section
4.1.1, a Tb equal to 6 inches is considered adequate to prevent burrowing aquatic
organisms from disrupting the isolation barrier through reworking of the surface
sediments. However, the intertidal areas in RA1 may also be subject to human
disturbances through recreational use of the beach, and thus a more conservative
value is used at intertidal elevations in RA1.

• The erosion thickness, Te, is specified at 12 inches. The cap in RA1 is subject to
erosive forces from wind and tidally-driven waves, as well as propeller wash.
Further, cap material placed at intertidal elevations may be subject to cross-shore
transport. The specified cap material is designed to resist the calculated erosive
forces. However, because this is a relatively high-energy area, the specified value
of Te will allow limited erosion or reshaping of the beach without triggering the
need for maintenance.

• The consolidation thickness, Tc, is specified at 0 inches. The RA1 capping
material will be granular and is expected to undergo negligible consolidation.

• The chemical isolation thickness, T;, is specified at 24 inches. This thickness was
determined based on the results of the chemical isolation analysis (Appendix B).
The associated design life for chemical isolation is conservatively estimated at
120 years.

• The operational thickness, T0, is specified at 12 inches. This additional allowance
accounts for the potential inaccuracies and unevenness of cap construction, and

W:\06500\l 00% Design SubmittalVText.wpd



FINAL DESIGN SUBMITTAL
PSR Superfund Site, Marine Sediment Unit Section 4.0
RAC, EPA Region 10 Date: 02/03/03
Work Assignment No. 065-RD-RD-101L Page 4-16

ensures that the entire capping area will be covered with at least the minimum
required thickness needed for the above-described cap functions.

Based on the cap components described above, the minimum required capping thickness for
intertidal areas of RA1 is:

T, = 12 + 12 + 0 +24 = 48 inches minimum required, plus 12 inches (T0) overplacement
allowance.

As discussed in Section 4.1.2, cap material specifications were developed to provide for a
particle size that resists erosive forces rather than designing an additional thickness to
accommodate erosion. Because the ROD specifies that a minimum of 5 feet (60 inches) of
capping material be placed in the intertidal area and because the intent of the ROD is that a
60-inch thickness be maintained in the intertidal area over time, both the erosion thickness and
overplacement allowance are added to the 60-inch ROD requirement. This will provide a
measure to account for potential reshaping of the area by wave action or by extreme propeller
wash such that limited erosion or reshaping of the beach does not necessitate maintenance. The
final specified capping thickness for the intertidal areas of RA1 is:

T, = 60 + 12 = 72 inches minimum required, plus 12 inches (T0) overplacement allowance.

Subtidal Elevations

Below a finished grade of - 4 feet MLLW, the ROD does not require a minimum cap thickness.
Subtidal portions of RA1 will consist of either a gravel cap that tapers to the thickness of the cap
in the adjacent offshore RA (either RA2a, RA2b, RA3, or RA4), or a thick slope cap. The
thickness of each component of the thick slope cap is described below:

• The bioturbation thickness, Tb, is specified at 6 inches (Section 4.1.1).

• The erosion thickness, Te, is specified at 12 inches. The thick slope cap is subject
to erosive forces from wind and tidally-driven waves, as well as propeller wash.
The specified value of Te will allow limited erosion without triggering the need
for maintenance.

• The consolidation thickness, Tc, is specified at 0 inches. The capping material will
be granular and is expected to undergo negligible consolidation.
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• The chemical isolation thickness, Ti} is specified at 24 inches. This thickness was
determined based on the results of the chemical isolation analysis (Appendix B).
The associated design life for chemical isolation is conservatively estimated at
120 years.

• The operational thickness, T0, is specified at 12 inches.

Based on the cap components described above, the minimum required thickness of the thick
slope cap for subtidal areas of RA1 is:

T, = 6 + 12 + 0 + 24 = 42 inches minimum required, plus 12 inches (T0) overplacement
allowance.

4.3.2 Cap Materials and Quantities

Cap Material Types

The following design elements influence the materials specifications for both cap types used in
RA1:

• Chemical Isolation. The chemical isolation analysis is based on a cap material
total organic carbon (TOC) content of 0.5 percent within the specified 2-foot
chemical isolation thickness. This minimum TOC requirement only applies to the
bottom 2 feet of the cap (i.e., a separate material is specified for the bottom 2 feet
of cap).

• Erosion. Wave scour and cross-shore transport are important mechanisms for all
of RA1, and propeller wash is significant in the western portions of RA1. In
general, fine gravel (D50 =10 mm) will resist wave-induced currents throughout
RA1, and fine gravel (D50 =18 mm) will resist propeller wash. More
significantly, analysis of equilibrium beach profiles and the desire to minimize
any cross-shore transport influences the particle size requirements throughout
RA1. For the gravel cap to resist cross-shore sediment transport, intertidal slopes
should not exceed 7:1. A fine-to-coarse gravel (D50 of at least 18 mm) is required
for the gravel cap to maintain these slopes. This erosion-resistant material is
required within the top 18 inches of the cap.

• Placement. Non-cohesive materials are required to allow controlled placement of
the cap material in even lifts.
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• Slope Stability. The thick slope cap will be constructed to grades of up to 2:1 to
allow transition from the elevations in intertidal areas to the elevations in subtidal
areas. Consistent with USAGE guidance (USAGE 1995), this cap will include a
sandy gravel filter layer overlain by a light riprap armor layer. In addition, the
slope stability analyses of the RA1 cap (Section 4.2.3 and Appendix C) indicate
that improvement of the shear strength of the existing upper silt layer is needed
where 2:1 slopes are to be constructed. To improve the upper silt layer, 2 feet of
crushed rock will be placed over the existing sediments to form a foundation
where the thick slope cap is specified. The crushed rock foundation is expected to
intermingle to a great extent with the upper silt layer as it is placed and then
compacted by subsequent lifts of cap material.

• Habitat. The ROD requires that capping material be selected and placed in such
a way as to provide appropriate habitat for the marine organisms natural to this
area. The natural resource agencies in coordination with EPA have identified the
size and gradation of intertidal capping material to maximize habitat value. These
preferences have been incorporated into the materials specifications for "habitat
mix" material which will be placed over the armor layer and gravel cap materials
in the littoral zone.

To satisfy the above requirements, the gravel cap in RA1 consists of:

• A 2-foot-thick layer of gravel mix foundation (in locations shown on the
drawings).

• A base layer of a well-graded, medium to coarse sand with trace gravel and fines,
with average 0.5 percent or greater TOC ("sand cap mix"). The base layer will be
a minimum of 2 feet thick.

• An intermediate layer of a well-graded, sandy gravel with a D50 of approximately
18 mm and a maximum particle size of approximately 64 mm (2.5 inches)
("gravel mix"). The gravel layer will be constructed to within 6 inches of the
grades shown on the drawings.

• A top course of 6 inches of habitat mix.

Final grading of the gravel cap to the lines and grades shown on the drawings will accomplish the
minimum 72-inch total cap thickness. A 12-inch overplacement allowance is included for the
entire cap thickness.
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The thick slope cap in RA1 is a typical armored slope design for the region, and consists of:

• A filter layer of a well-graded, sandy gravel ("filter material"). Where the thick
slope cap sits directly on a dredge cut, the filter material will be a minimum of 2
feet thick and will have an average 0.5 percent or greater TOC. This requirement
will necessitate use of an amended product.

• An armor layer of a graded, angular broken stone ("riprap"). The armor layer will
be a minimum 24 inches thick.

• The armor layer will be constructed to the final grades shown on the drawings,
with a 12-inch overplacement allowance for the final surface.

• A riprap "key" or toe berm constructed at the base of the slope to provide support
to the overlying riprap.

• Habitat mix (a well-graded sandy gravel) placed over the armor layer to fill the
voids in the riprap. The habitat mix will be applied at 3 tons per 100 square feet,
which is designed to fill the voids and leave an average 3-inch-thick layer of
habitat mix on top of the riprap. Habitat mix will be applied to the final surfaces
of all new and existing riprap in the littoral zone, between the elevations of -10
feet MLLW and +13 feet MLLW.

Materials Sources

The cap materials will be obtained from upland sources to meet the materials specifications.

Cap Quantities

The estimated quantities of cap materials in RA1 are summarized in Table 4-3. A total of 93,000
cubic yards of material will be required for this area. These quantities include the overplacement
allowance, an allowance for consolidation of the underlying sediments, and include tapering of
cap edges outside the cap boundaries. Due to the complex geometry of the cap in RA1, the
volume estimates are made electronically by generating triangulated irregular network (TIN)
surfaces.
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4.3.3 Cap Slopes and Elevations

Several design criteria relate to the final grades and elevations of the cap in the intertidal area, as
discussed below:

• The ROD requires confinement (through capping) of contaminated marine
sediments. For the intertidal area, the primary design criterion evolving from this
requirement is that the cap requirements must be met over the existing sediment
mudline, but not over the shoreline riprap which is not "contaminated sediment."

• The existing riprap provides slope stabilization and erosion protection for the
existing upland features, at their present locations and elevations. Therefore, the
existing riprap will not be removed, or cut back, to create new intertidal areas and
loss of uplands.

• According to the ROD, a minimum of 5 feet of capping material will be placed
over the intertidal area. The RA1 cap design includes an additional 12-inch
erosional thickness and a 12-inch overplacement allowance. Thus, the minimum
specified capping thickness is 6 feet plus up to 1 foot of overplacement, at all
locations where the finished elevation is above - 4 feet MLLW.

• During and following placement, underlying sediments will consolidate. Up to 23
inches of consolidation may be expected in some locations (Appendix C). The
contractor will place additional cap material in RA1 to compensate for this
consolidation and attain the grades shown on the drawings.

• Actual intertidal elevations at the site are -4 to +14.8 feet MLLW. Following
placement of the cap, the sediment elevation at any given location will be raised
by the cap thickness. Thus, the new mudline elevations will be at least 6 feet
above the existing mudline, representing a substantially larger area of intertidal
habitat than existed prior to capping.

• The existing toe of the riprap occurs at elevations ranging from approximately
-5 to +5 feet MLLW, and the riprap generally extends to the top of the bank
above the intertidal zone. However, on the far eastern portion of the shoreline
(near station 21 + 50), a beach exists on a bench between two riprap slopes.
Because potentially contaminated sediments are present on this bench, the full cap
thickness will be extended over the bench.
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• Above -10 feet MLLW, the maximum allowable slope of the gravel cap is 7H:1 V
for the design gravel mix. Where cap material tapers into the riprap bank, a slope
of 7H:1 V is generally used to extend the cap grade to meet the riprap. Slopes less
than 7H:1 V are specified where possible, typically in areas where the existing
slope is less than 7H:1V.

• Below -10 feet MLLW, cross-shore sediment transport is not anticipated to be
significant, and the design slope of the gravel cap is 4H:1 V for the design gravel
mix. This slope is consistent with existing submarine slopes at the site that have
been determined to be stable.

• To avoid exceeding the maximum allowable grades, placement of greater
thickness of cap material will be required in some locations.

• A thick slope cap is specified in areas where steep slopes of up to 2H: IV are
required. This cap generally is used at subtidal elevations, to allow grade
transition between RA1 and the offshore caps in the other RAs. In some
locations, the existing nearshore mudlines are sufficiently steep that the thick
slope cap must extend upward into intertidal elevations.

• A natural resource preservation goal is to maximize the areas of the cap that fall
within certain intertidal elevations (-4 to +4 feet MLLW) that are deemed the
most critical and productive habitat for salmonids. To this end, and consistent
with the design criteria described above, efforts have been made to minimize the
presence of the relatively steep, armored thick slope cap between -4 to +4 feet
MLLW and maximize the use of flatter slopes at these elevations. Section 7
presents further information on this and other habitat enhancements.

Overall, the design grades, slopes, and materials selection are intended to realize the greatest
benefits in habitat quality and minimize the need for long-term maintenance. Because the
intertidal gravel cap geometries are based on slopes at or shallower than the calculated
equilibrium profile, the beach should be in equilibrium with the existing energy environment and
reshaping of the beach by wave action should be minimal. However, localized areas of erosion
and accretion may develop, and some perturbations to the constructed profile should be expected
over time as a result of seasonal variations in wave energies. It is expected that periodic
renourishment of some beach areas may be required as part of the long-term O&M for the site.
Because beaches are dynamic, the OMMP includes criteria for evaluating the need for
management actions (repair or nourishing) in RA1.
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4.3.4 Additional Physical Features and Constraints

Additional physical features affecting the intertidal cap design are discussed below.

Piling and Viewing Pier

It is anticipated that the majority of the existing piling in RA1 will be removed by the Port of
Seattle prior to capping. However, the viewing pier (a pile-supported structure) will remain in
RA1, and capping is therefore required beneath this pier. Cap material will be cast under the pier
using mechanical equipment or simply mechanically graded into place at higher beach elevations.
The cap material will be as specified elsewhere in RA1, and thus there are no additional erosion
resistance considerations for this material. Additional costs have been included in the cost
estimate to account for difficulties in placing cap material beneath the pier.

Eastern Pier

A small wooden pier (approximately 40 feet by 60 feet) is present at station 24+00. Cap material
will be cast under the pier in this area.

Crowley Marine Services Pier

The area under the Crowley Marine Services pier has little available clearance in which to
accommodate a cap (see design drawings). The pier structure and pontoon dolphin assemblies
require their approximate existing clearances for their low tide positions. Further, existing
sediment slopes beneath the existing riprap revetment are 2H: IV, and any dredging may
destabilize the slopes or undermine the revetment. Finally, any dredging under the pier would
require diver-operated hydraulic dredging which can be an extremely high-risk activity. For
these reasons, it is not considered practicable to dredge under the pier and a thick cap cannot be
constructed under the pier. However, a thin layer of capping material can be cast under and
around the pier to provide some capping and confinement of potentially contaminated sediments.
Therefore, a thin layer (6 inches) of gravel mix capping material will be placed under the pier
either hydraulically or with a conveyor. The thickness of the gravel mix will be 18 inches in the
region between the outer edges of the pier and the toe of the RA1 thick slope cap, as shown on
the drawings.
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Outfalls. Three outfalls have been identified along the shoreline and will be addressed as
follows:

• Former Longfellow Creek Overflow. This outfall is a historic remnant of the
original Longfellow Creek. It currently receives overflow drainage from the
existing Longfellow Creek and is not a salmon migration pathway. The outfall
also serves as a local stormwater drain, receiving drainage from as far south as the
Birmingham Steel property. This outfall is present approximately 140 feet east of
the Crowley pier. Based on survey information and field observations, the outfall
partially daylights with approximately half of its diameter below the mudline.
Based on field observations, the outfall appears to be anchored in place with
chains and concrete blocks. As-builts of this outfall have been obtained and
indicate 84-inch (7-ft) inside diameter, 8-inch thick, reinforced concrete pipe
(RCP), with the invert of the pipe at approximately -7.6 feet MLLW. An
engineered extension of this pipe is required to accommodate the cap in this area.
The cap will also require scour protection at the outfall, consisting of a riprap
splash pad.

• Crowley Storm Drain Outfall. This former outfall was located approximately
155 feet east of the Crowley pier. Based on review of drawings for Public Access
Construction, a new manhole was installed just south of the public access park,
and the 15-inch concrete storm drain pipe was plugged and abandoned north of
the manhole (to the outfall). The new manhole includes a pipe connecting the
15-inch concrete storm drain line to the 84-inch former Longfellow Creek outfall.
Because the Crowley storm drain outfall is not functional and could not be
located, it is not considered to be of concern in the cap design.

• Unidentified East Outfall. This outfall is a dilapidated 12-inch steel pipe at
approximately +8 feet MLLW, on the eastern portion of the shoreline near the
elevated bench. No flow has been observed from this pipe. As-builts of this
outfall could not be obtained. The pipe will be grouted with concrete and the cap
in this area will be placed over the pipe.

Shoreline Access

No specific design elements are currently included in this design to increase public accessibility
to the capped intertidal areas. Access ways may be required for cap construction and may be
completed by the construction contractor to allow beach access.
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Habitat Enhancement

Significant modifications of the existing shoreline will result from cap placement. Section 7
presents the net changes in habitat areas resulting from the cap. In coordination with the Natural
Resource Trustees, additional habitat enhancements have been included in the RA1 cap in areas
where the finished cap surface is at upper intertidal elevations. The goals of these enhancements
are to create a more natural and stable upper intertidal area, to enhance the recruitment and
retention of fines, to introduce native plant species and discourage establishment of invasive
species, and to accelerate the natural evolution of the upper intertidal area. The habitat
enhancements include the following elements, which are shown on the drawings:

• Placing temporary large woody debris (LWD) along approximately 250 feet of
shoreline: The design of the temporary LWD has been developed based on
engineering considerations and in coordination with the Natural Resource
Trustees. Over time, additional LWD is expected to naturally accumulate at upper
intertidal elevations in these locations. However, natural sources of LWD in
Elliott Bay are diminished from historical baseline conditions. The goal of
placing the LWD is to enhance the recruitment and retention of fines and to allow
for more rapid establishment and increased survival of vegetation. The LWD is
considered 'temporary" because it was not engineered to withstand, for example,
a 50-year-storm condition. Rather, the LWD is designed to last for several years
(potentially decades) and to leave minimal anthropogenic debris on the beach
when the LWD eventually deteriorates. The temporary LWD consists of partially
buried durable native log species (cedar or fir) with roorwads, cabled to buried
concrete anchors. The temporary LWD is installed at elevations between +12 feet
MLLW and +14 feet MLLW, which is the elevation range expected to naturally
recruit additional LWD over time. At these relatively high intertidal elevations
(above mean higher high water [MHHW]), there is less potential for severe wave
action to dislodge the LWD. When the LWD eventually deteriorates, minimal
cleanup (e.g., cutting exposed cable sections) may be desired to remove
anthropogenic material.

• Placing a top course of beach sand in areas around the LWD: The beach sand
consists of a well-graded sand with significant fines content and is intended to
provide a suitable substrate for vegetative growth.

• Planting native salt-tolerant vegetation: The planting plans include beach grasses
and gumweed in the beach sand areas (between +12 and +14 feet MLLW) and
willows above approximately +15 feet MLLW. In the designated locations, riprap
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interstices will be amended with topsoil to support growth of the willows. The
planting plans have been developed considering input from natural resource
agencies and other parties involved in shoreline restoration projects in the Puget
Sound area. Native species typically found in undisturbed beach areas have been
selected, and the plantings are targeted to specific elevations appropriate for those
species. As with any comparable nearshore revegetation project, there is some
uncertainty regarding the long-term survival of the plants. The planting
specifications (Appendix H) include measures to enhance the establishment of the
plants and to establish target survival rates during the first year after planting.

It is noted that there is no planned long-term monitoring, maintenance, or adaptive management
specific to the vegetation or temporary LWD. It is anticipated that the areas of habitat
enhancements will undergo changes over time due to natural processes.

4.3.5 Placement Techniques

Cap material may be placed and graded in RA1 mechanically from a barge, or by other method(s)
proposed by the contractor and approved by USAGE. It is anticipated that land-based equipment
such as dozers will be used for final cap grading in RA1. Equipment such as conveyors may be
used to place materials under the Crowley Marine Services pier and the viewing pier.

The allowable lift heights are summarized in Table 4-2. Construction monitoring, described in
the CQAP (Part IV of this design), will verify that the cap is being placed according to
specifications. The contractor will be required to modify the placement methods if the
monitoring results are not acceptable (e.g., if cores show excessive mixing of cap material with
underlying sediments).

4.4 RA2a AND RA3 CAP DESIGN

The RA2a and RA3 cap designs differ only in the gradation of the erosion-resistant top layer of
cap material, and are described together.
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4.4.1 Cap Thickness

The thickness of each component of the RA2a and RA3 cap is described below:

• The bioturbation thickness, Tb, is specified at 6 inches.

• The erosion thickness, Te, is specified at 12 inches. The cap in RA2a and RA3 is
subject to significant erosive forces from propeller wash. Because this is a
relatively high energy area, the specified value of Te will allow limited erosion
without triggering the need for maintenance. While 12 inches is highly
conservative for Te, the total thickness of erosion-resistant material should be at
least 18 inches, which corresponds to the sum of Tb and Te in this area.

• The consolidation thickness, Tc, is specified at 0 inches. The RA2a and RA3
capping material will be granular and is expected to undergo negligible
consolidation.

• The chemical isolation thickness, Tj, is specified at 24 inches. This thickness was
determined based on the results of the chemical isolation analysis (Appendix B).
The associated design life for chemical isolation is conservatively estimated at
120 years.

• The operational thickness, T0, is specified at 12 inches.

Based on the cap components described above, the minimum required capping thickness in RA2a
and RA3 is:

T, = 6 + 12 + 0 + 24 = 42 inches minimum required, plus 12 inches (T0) overplacement
allowance for a maximum cap thickness of 54 inches.

4.4.2 Cap Materials and Quantities

Cap Material Types

The following design elements influence the materials specifications for RA2a and RA3:

• Chemical Isolation. The chemical isolation analysis is based on a cap material
TOC content of 0.5 percent within the specified chemical isolation thickness.
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This minimum TOC content requirement only applies to the bottom 24 inches of
the cap (i.e., a separate material is specified for the bottom 24 inches of cap).

• Erosion. Propeller wash is the dominant erosive force in these areas. In RA2a,
coarse sands (D50 = 4.75 mm) will resist the erosive forces of propeller wash. In
RA3, a fine-to-coarse gravel (D50 =18 mm) is required to resist the erosive forces
of propeller wash. This erosion-resistant material is required within the top 18
inches of the cap.

• Placement. Non-cohesive materials are required to allow controlled placement of
the cap material in even lifts.

• Habitat. The ROD requires that capping material be selected and placed in such
a way as to provide appropriate habitat for the marine organisms natural to the
area. The materials required to resist erosion are coarser than the existing
substrate, however it is possible that this material may be overlain over time with
deposits of sands or silts.

To satisfy the above requirements, the cap material in RA2a and RA3 will consist of:

• A base layer of sand cap mix. The base layer will be a minimum of 24 inches
thick.

• In RA2a, a top layer of a well-graded, gravelly sand with a D50 of approximately
5 mm ("coarse sand"). The top layer will be a minimum of 18 inches thick.

• In RA3, a top layer of gravel mix. The top layer will be a minimum of 18 inches
thick.

• In RA2a and RA3, there is a 12-inch overplacement allowance for the final cap
surface.

Materials Sources

The cap materials will be obtained from upland sources to meet the materials specifications.

W:\06500\l 00% Design SubmittalYText.wpd



FINAL DESIGN SUBMITTAL
PSR Superfimd Site, Marine Sediment Unit Section 4.0
RAC, EPA Region 10 Date: 02/03/03
Work Assignment No. 065-RD-RD-101L Page 4-28

Cap Quantities

The estimated quantities of cap materials in RA2a and RA3 are summarized in Table 4-2. A
total of 43,600 cubic yards of material will be required for RA2a and 7,700 cubic yards of
material will be required for RA3. These quantities include the overplacement allowance, a
10 percent contingency, and include tapering of cap edges outside the cap boundaries. The
quantities were calculated by multiplying the plan view area by the total cap thickness and adding
the calculated edge taper volume.

4.4.3 Additional Physical Features

The dolphins in RA3 are pile-supported structures. Cap material will be cast under the dolphins
using mechanical equipment or hydraulic washing. The cap material will be as specified
elsewhere in RA3, and thus there are no additional erosion resistance considerations for this
material.

Several steel cables are strung between the dolphins and the Crowley Marine Services pier.
Coordination with Crowley will be required to temporarily remove the cables during
construction.

4.4.4 Placement Techniques

The base layer of sand cap mix in RA2a and RA3 may be placed mechanically or by hydraulic
washing from a barge, and the top layers of coarse sand and gravel mix may be placed
mechanically. Other method(s) may be proposed by the contractor and may be approved by
USAGE. Equipment such as conveyors may be used to place materials under the pier and
dolphins.

The allowable lift heights are summarized in Table 4-2. To achieve uniform lifts that do not
exceed the allowable lift heights, the specifications establish limits on the volume of cap material
placed per unit area. Construction monitoring, described in the CQAP, will verify that the cap is
being placed according to specifications. The contractor will be required to modify the
placement methods if the monitoring results are not acceptable.
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4.5 RA2b CAP DESIGN

4.5.1 Cap Thickness

The thickness of each component of the RA2b cap is described below:

• The bioturbation thickness, Tb, is specified at 6 inches.

• The erosion thickness, Te, is specified at 0 inches. The cap in RA2b is not
anticipated to be subject to significant erosive forces from propeller wash or other
bottom currents.

• The consolidation thickness, Tc, is specified at 0 inches. RA2b capping material
will be granular and is expected to undergo negligible consolidation.

• The chemical isolation thickness, T;, is specified at 24 inches. This thickness was
determined on the results of the chemical isolation analysis (Appendix B). The
associated design life for chemical isolation is conservatively estimated at 120
years.

• The operational thickness, T0, is specified at 12 inches. The 12-inch operational
thickness is based on a total 12-inch overplacement allowance for the multiple cap
lifts that will be required.

Based on the cap components described above, the minimum required capping thickness in
RA2bis:

T, = 6 + 0 + 0 + 24 = 30 inches minimum required, plus 12 inches (T0) overplacement
allowance for a maximum cap thickness of 42 inches.

4.5.2 Cap Materials and Quantities

Cap Material Types

The following design elements influence the materials specifications for RA2b:

• Chemical Isolation. The chemical isolation analysis is based on a cap material
TOC content of 0.5 percent within the specified chemical isolation thickness.
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Because one material type is used for the cap in this area, the entire cap thickness
will meet this minimum TOC requirement.

• Erosion. The erosion analysis indicates bottom currents in this area are below the
threshold velocity for initiation of motion, even for fine-grained materials.
Therefore, erosion considerations do not influence the material specification in
this area.

• Placement. Non-cohesive materials are required to allow controlled placement of
the cap material in even lifts.

• Habitat. The ROD requires that capping material will be selected and placed in
such a way as to provide appropriate habitat for the marine organisms natural to
this area. The cap materials used in this area will be similar to the existing
substrate and will satisfy this requirement.

To satisfy the above requirements, the cap material in RA2b will consist of:

• A single layer of sand cap mix. The cap will be a minimum of 30 inches thick
plus a 12-inch overplacement allowance.

Materials Sources

The sand cap mix will be obtained from upland sources.

Cap Quantities

The estimated quantities of cap materials in RA2b are summarized in Table 4-3. A total of
18,200 cubic yards of material will be required for this area. This quantity includes the
overplacement allowance, a 10 percent contingency, and includes tapering of cap edges outside
the cap boundaries. The quantities were calculated by multiplying the plan view area by the total
cap thickness and adding the calculated edge taper volume.

4.5.3 Placement Techniques

Cap material in RA2b may be placed mechanically or by hydraulic washing from a barge, or by
other method(s) proposed by the contractor and approved by USAGE.
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The allowable lift heights are summarized in Table 4-2. To achieve uniform lifts that do not
exceed the allowable lift heights, the specifications establish limits on the volume of cap material
placed per unit area. Construction monitoring, described in the CQAP, will verify that the cap is
being placed according to specifications. The contractor will be required to modify the
placement methods if the monitoring results are not acceptable.

4.6 RA4 CAP DESIGN

4.6.1 Cap Thickness

The thickness of each component of the RA4 cap is described below:

• The bioturbation thickness, Tb, is specified at 6 inches.

• The erosion thickness, Te, is specified at 0 inches. The cap in RA4 is not
anticipated to be subject to significant erosive forces from propeller wash or other
bottom currents.

• The consolidation thickness, Tc, is specified at 0 inches. RA4 capping material
will be granular and is expected to undergo negligible consolidation.

• The chemical isolation thickness, Ti5 is specified at 24 inches. This thickness was
determined based on the results of the chemical isolation analysis (Appendix B).
The associated design life for chemical isolation is conservatively estimated at
120 years.

• The operational thickness, T0, is specified at 12 inches. The 12-inch operational
thickness is based on a total 12-inch overplacement allowance for the multiple cap
lifts that will be required.

Based on the cap components described above, the minimum required capping thickness in RA4
is:

T, = 6 + 0 + 0 + 24 = 30 inches minimum required, plus 12 inches (T0) overplacement
allowance for a maximum cap thickness of 42 inches.
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4.6.2 Cap Materials and Quantities

Cap Material Types

The following design elements influence the materials specifications for RA4:

• Chemical Isolation. The chemical isolation analysis is based on a cap material
TOC content of 0.5 percent within the specified chemical isolation thickness.
Because one material type is used for the cap in this area, the entire cap thickness
will meet this minimum TOC requirement.

• Erosion. The erosion analysis indicated bottom currents in this area are below the
threshold velocity for initiation of motion, even for fine-grained materials.
Therefore erosion considerations do not influence the material specification in this
area.

• Placement. Non-cohesive materials are required to allow controlled placement of
the cap material in even lifts.

• Habitat. The ROD requires that capping material will be selected and placed in
such a way as to provide appropriate habitat for the marine organisms natural to
this area. The cap materials used in this area will be similar to the existing
substrate and so will satisfy this requirement.

• Slope Stability. The material specification for sand cap mix includes angularity
requirements to achieve the design friction angle of 32 degrees.

To satisfy the above requirements, the cap material in RA4 will consist of:

• A single layer of sand cap mix. The cap will be a minimum of 30 inches thick
plus a 12-inch overplacement allowance.

Materials Sources

The sand cap mix will be obtained from upland sources.
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Cap Quantities

The estimated quantities of cap materials in RA4 are summarized in Table 4-3. A total of
159,000 cubic yards of material will be required for this area. This quantity includes the
overplacement allowance, a 10 percent contingency, and includes the estimated deposition of cap
material, both outside the cap boundaries and into RA5 (from STFATE mound geometry; see
Appendix D). The quantities were calculated by multiplying the plan view area by the total cap
thickness and adding the calculated mound apron volumes.

4.6.3 Placement Techniques

Cap material may be placed in RA4 by hydraulic washing from a barge, or by other method(s)
proposed by the Contractor and approved by USAGE.

The allowable lift heights are summarized in Table 4-2. RA4 has the most restrictive lift height
requirements (to avoid bearing capacity failures and potential landsliding) and thus the placement
will be monitored intensively. To achieve uniform lifts that do not exceed the allowable lift
heights, the specifications establish limits on the volume of cap material placed per unit area.
Construction monitoring, described in the CQAP, will verify that the cap is being placed
according to specifications. The Contractor will be required to modify the placement methods if
the monitoring results are not acceptable.

4.7 RA5 CAP DESIGN

4.7.1 Cap Thickness

The thickness of each component of the RA5 cap is described below:

• The bioturbation thickness, Tb, is specified at 6 inches.

• The erosion thickness, Te, is specified at 0 inches. The cap in RA5 is not
anticipated to be subject to significant erosive forces from propeller wash or other
bottom currents.

• The consolidation thickness, Tc, is specified at 3 inches. The RA5 capping
material will be dredged material and is expected to consolidate up to this amount
in the months following placement.
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• The chemical isolation thickness, T;, is specified at 18 inches. This thickness was
determined based on the results of the chemical isolation analysis (Appendix B).
The associated design life for chemical isolation is conservatively estimated at
140 years.

• The operational thickness, T0, is specified at 13 inches. The 13-inch operational
thickness is based on the results of STFATE modeling of cap deposition for
multiple, instantaneous releases of cap material from bottom-dump barges
(Appendix D).

Based on the cap components described above, the required capping thickness in RA5 is:

T, = 6 + 0 + 3 + 18 = 27 inches minimum required, plus 13 inches (T0) overplacement
allowance for a maximum (short-term) cap thickness of approximately 40 inches.

Following consolidation, the cap will be a minimum of 24 inches thick and the average cap
thickness is anticipated to be approximately 30 inches.

4.7.2 Cap Materials and Quantities

Cap Material Types

The following design elements influence the materials specifications for RA5:

• Chemical Isolation. The chemical isolation analysis is based on a cap material
TOC content of 1 percent, which is an average value of dredged material
characteristics from the Snohomish River.

• Erosion. The erosion analysis indicated bottom currents in this area are below the
threshold velocity for initiation of motion, even for fine-grained materials.
Therefore erosion considerations do not influence the material specification in this
area.

• Placement. Non-cohesive materials are required to allow controlled placement of
the cap material in even lifts.

• Habitat. The ROD requires that capping material be selected and placed in such
a way as to provide appropriate habitat for the marine organisms natural to this
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area. The cap materials used in this area will be similar to the existing substrate
and so will satisfy this requirement.

To satisfy the above requirements, the cap material in RA5 will consist of:

• A single layer of sandy dredged cap material. Following consolidation, the cap
will be a minimum of 24 inches thick.

The dredged cap material must meet the materials specifications identified in Appendix F. The
basis of these specifications is discussed in Section 2.3. In general, all dredged material placed
as a cap in RA5 does not need to contain a minimum TOC content. However, USAGE, through
its PSRMP, will direct material with TOC content significantly lower than 1 percent to be placed
in the upper cap horizons. This should be relatively straightforward, as barges containing
dredged material with lower TOC can simply be directed to dump at coordinates where higher
TOC material has already been placed.

Cap Quantities

The estimated quantities of cap materials in RA5 are summarized in Table 4-3. A total of
217,000 cubic yards of material will be required for this area. This quantity includes off-site
deposition, the operational thickness, a 10 percent contingency, and is based on the STFATE
modeling results for instantaneous bottom-dump placement on regular 200-foot grids. The
modeling indicates that up to 54 percent of the RA5 cap material will be transported outside the
RA5 boundaries. This transport is a result of dispersion of the dredged material in the water
column.

Note on RA5 Quantity Estimates: All quantity estimates are based on a hypothetical dredged
material whose properties represent an "average" gradation of materials from the Snohomish and
Duwamish Rivers. The quantities are based on barge-measure cubic yards, with an assumed 55
percent water content in the barge. The barge-measure material includes entrained water from
the dredging process, and is estimated to have a volumetric "fluff factor of about 20-25 percent
over the volume of in situ material. For example, a 1,000 cy barge load of dredged material may
represent approximately 800 cy of in situ material in the Duwamish. The USAGE typically
measures sandy dredged material based on barge-measure volumes, so no fluff factor corrections
should be needed. However, if measurement and payment is made based on in-situ volume, the
measurement for placement at PSR will have to be appropriately adjusted to barge volume to
achieve the desired cap thickness. It is stressed that actual dredged material properties will vary
from the assumed properties. The ultimate attainment of the cap thickness in RA5 will be
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verified as described in the RA5 CQAP, and placement volumes may be modified during
construction to attain the design cap thickness.

As mentioned in the RA4 discussion, some of the material placed in RA4 will deposit in RA5a
(estimated at 18,000 cubic yards; see Appendix D) . This has been accounted for in the RA5a
cap placement design by appropriately positioning RA5a target locations as discussed below.

4.7.3 Placement Techniques

Cap material will be placed in RA5 by instantaneous bottom-dump placement at regularly spaced
target locations. USAGE, through its PSRMP, will require each contractor to dump each barge
load within 100 feet of the prescribed coordinates of a target location. The RA5 design drawings
(Appendix F) show the cap placement design for RA5, including target location coordinates and
the required volume of dredged material to be placed at each target location. Each of the target
locations is within the ROD-specified capping boundary.

As discussed in Appendix D, STFATE was used to simulate multiple placement events for the
buildup of several lifts to achieve the required cap thickness. The modeling indicates that a
minimum of 4,500 cubic yards are required to be placed at each target location. The target
locations are spaced at regular 200-foot intervals. All STFATE runs are based on the long-term,
post-consolidation properties of the deposited cap material. Thus, the model results are
evaluated against the required post-consolidation minimum cap thickness of 24 inches.

Figure 4-2 depicts the resulting long-term mound geometry for an idealized 800-foot by 800-foot
capping area (roughly half the size of RA5a). This simulation shows that a relatively uniform
cap averaging 30 inches thick can be accomplished with instantaneous bottom dump placement
on the design target location spacing. The outer target locations of the grid exhibit slightly
diminished cap thicknesses because they do not experience the additive effects of mound aprons
beyond the defined grid. Thus, one additional disposal event is specified around the RA5 cap
perimeter to compensate for these edge effects (i.e., 5,500 cubic yards of material is specified at
perimeter target locations). The outer edge of the cap (as seen on transect A-A' in Figure 4-2)
would extend approximately 350 feet beyond the defined placement grid, before tapering off to
less than about a 1-inch thickness (see further discussion of off-site transport in Section 4.8).

The capping scheme includes an extra margin of safety in the event that placement is not as
uniform as STFATE predicts. It is assumed that mound height variability may be up to three
times the modeled variability, to account for differences in such factors as actual loaded volume
in each barge, varying accuracy in releasing the material at the target locations, the properties of
the materials within each barge, varying depths and tidal elevations associated with each grid
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node at each point in time, and prevailing currents. T0 is therefore set equal to three times the
variability in modeled mound height. Thus, the average 30-inch cap (which as modeled, varies
from 29 to 33 inches) may actually vary from about 24 to 37 inches.

These modeling results suggest that the minimum required 24-inch thickness (post-consolidation)
can readily be met and exceeded with the specified placement plan. Also, the predicted STFATE
mound geometries do not account for up to 3 percent of the deposited material, which had not yet
settled out within the modeled timeframe. Much of this material is expected to settle within
RA5, further adding to the cap thickness.

As noted previously, some RA4 cap material will deposit into RA5 during placement. To
account for this, target locations along the RA5/RA4 boundary are offset 100 feet into RA5.
Appendix D includes the calculation used to determine this offset.

Construction monitoring, described in the RA5 CQAP (see Section 9), will verify that the cap is
being placed according to specifications. Specific construction monitoring and management
considerations for RA5 include the following:

• If monitoring shows the required cap thickness has not been achieved, USAGE
may direct additional dredged material to be placed at certain target locations.

• Excessive mound heights in the shallower and steeper portions of RA5 (within
about 300 feet of the RA5/RA4 boundary) could potentially induce bearing
capacity failures and landsliding. Modeling of bottom-dump placement in RA5
indicates maximum mound heights are not expected to exceed the allowable lift
height in this area. To verify the modeled results, monitoring of mound heights
from individual dumps will be required for the target locations within 300 feet of
the RA5/RA4 border. As an adaptive management approach, USAGE will require
other operational controls (such as limiting loaded barge volumes) if the
monitoring results are not acceptable near the RA5/RA4 border.

• Monitoring will also be used to adjust the required number of disposal events
along the RA5/RA4 boundary, since some RA4 cap material will deposit in RA5.
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4.8 EVALUATION OF OFF-SITE CAP MATERIAL DEPOSITION DURING CAP
PLACEMENT

This section provides an evaluation of the amount of cap material that is expected to be
transported outside the capping boundaries during placement, and the associated area that is
affected by the cap material deposition. This analysis is important for assessing the amount of
cap material required, and also for estimating the areal extent of short-term disturbances to the
benthic community outside the capping area. This evaluation is based on the STFATE results
and monitoring results from the nearby Elliott Bay PSDDA disposal site. The PSDDA
monitoring results provide real data for conditions analogous to the RA5 capping at PSR.

Table 4-4 and Figure 4-4 summarize the results of this analysis.

It is important to note that the MSU capping area boundaries are defined by CSL exceedances,
and existing sediments generally exceed the SQS for several hundred feet outside the capping
boundaries. Thus, the off-site cap material deposition will improve sediment quality through
enhanced natural recovery in these marginally contaminated areas. While this enhanced natural
recovery will be brought about by the capping, it is not part of the selected remedy and will not
be monitored as an "enhanced natural recovery action."

4.8.1 RA1, RA2a, RA2b, RA3

In RA1, deposition of cap material outside the cap boundaries will be limited to the design cap
tapers shown on the drawings.

In RA2a and RA2b, there is no design requirement for the cap tapering. The contractor is
required to meet the required cap thickness up to the RA boundaries, and the actual taper outside
the boundary will vary according to the local water depths, material types, and placement
methods. The actual taper may vary from close to the angle of repose of the material (i.e., about
2H: 1V) to a broader taper of about 1 OH: 1V. Conservatively assuming a 1 OH: 1V taper, an
estimated 35 to 45 feet outside these cap boundaries will be affected by cap material deposition.

Because RA3 is bounded by the other RAs, no off-site deposition is associated with RA3.

4.8.2 RA4

RA4 represents a transition between the shallow nearshore areas and the deep offshore areas. As
a result, cap deposition outside the capping boundaries (i.e., on the eastern and western borders
of RA4) will vary according to depth. The distance of off-site transport in RA4 is therefore
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estimated to vary linearly from 100 feet on the shoreward boundary of RA4 to approximately
400 feet at the RA4/RA5 boundary.

It is noted that some cap material placed in RA4 will be deposited into RA5. This accounted for
in the RA4 volume estimates and RA5 placement design, but is not relevant to this analysis of
off-site deposition.

4.8.3 RA5

RA5 represents the deep off-shore areas. Instantaneous bottom-dump placement of dredged
material will be used in cap construction in this area. Deposition of capping material outside of
the RA5 boundaries was estimated using STFATE modeling and evaluation of depositional data
from the Elliott Bay PSDDA site.

STFATE Results

The extent of deposition of capping material outside the RA5 capping boundaries was
approximated using STFATE modeling. This modeling suggests an apron of diminishing
thickness will be deposited up to several hundred feet outside the capping area boundaries. This
apron diminishes to less than 0.1 foot in thickness within about 350 feet of the cap boundary.
However, this modeling result may underestimate off-site cap material deposition, for the
following reasons:

• Within the modeled timeframe of one hour following placement, 97 percent of the
material will be deposited on the bottom. The remaining suspended material is
not accounted for in the STFATE mound geometry. Thus, a broader area would
be expected to receive an additional very thin deposit over time as the fine-grained
material continues to settle out of the water column. While much of this material
would likely settle within the desired capping area, a portion of the fines may be
transported off site.

• STFATE cannot model the additional bottom shear stresses caused by a sloping
bottom, and hence some additional lateral downslope movement of the deposited
material is expected. This effect is anticipated to be greatest in RA4, leading to
deposition of RA4 cap material into RA5. To a lesser extent, this effect may
contribute to deposition of RA5 cap material outside the RA5 capping boundaries.

As a result of these factors, the lateral extent of off-site transport directly predicted by the
STFATE mound geometries (350 feet) is considered a lower bound estimate for RA5.
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Monitoring Results for the Elliott Bay PSDDA Disposal Site

Results. In dredging year 1999 (DY99), 414,794 cubic yards of dredged material was placed at
the Elliott Bay PSDDA disposal site. This site is a 6,200-foot by 4,000-foot ovoid with a 1200
foot-diameter target area in which disposal occurs. Water depths in the target area are 300 to 350
feet. From June 21 to July 11, 2000, WDNR conducted a monitoring study of the site (WDNR
2000). One of the objectives of that study was to evaluate whether the 1999 dredged material
was being transported outside the site boundaries. Sampling consisted of a sediment vertical
profiling system (SVPS) survey, followed by benthic infauna, sediment, and Molpadia sea
cucumber collections.

The distribution of recently deposited dredged material at the Elliott Bay PSDDA site identified
using SVPS is mapped in Figure 4-3. The dredged material deposit is centered over the 600-foot
diameter target area and recently deposited dredged material was not found beyond the site
perimeter. Key findings of the 2000 SVPS survey are:

• Recently deposited dredged material observed in Elliott Bay consists of mixed
layers of dark gray medium to fine sands and dark to light gray silt-clays. Six
stations at or near the site center showed the presence of dredged material greater
than SVPS camera prism penetration (Figure 4-3). This largely un-recolonized
dredged material extends from 0 feet to approximately 700 feet outside the target
area, averaging about 400 feet outside the target area.

• Outside this main dredged material deposit, several stations showed the presence
of discontinuous layers of apparent dredged material mixed below high
reflectance sediments of ambient quality. The surface sediments at these stations
are light gray, well mixed, and fine grained, similar to ambient sediments. The
subsurface sediments believed to be dredged material are layers of dark gray silt-
clays similar in character to known dredged material present at the site center.
This sedimentary sequence suggests that enough time has elapsed in these areas
for bioturbation of the upper sediment column (infauna transporting sediments
upward to the sediment/water interface), or that the sediment may be related to
non-recent (historical) dredged material deposits with subsequent natural
sedimentation. A discrete measurement of dredged material thickness is not
possible at these stations. Therefore, the measurement is indicated as the prism
penetration depth followed by an asterisk (Figure 4-3). This area of recolonized
dredged material extends from 500 feet to a maximum of approximately 2,000
feet outside the target area, averaging about 1,200 feet outside the target area.
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• Thin, discrete layers of recent dredged material were not measured at the Elliott
Bay site during the 2000 SVPS survey. The last disposal of dredged material at
the Elliott Bay PSDDA site occurred on March 1, 2000, approximately 4 months
prior to the SVPS survey. It is possible that enough time had passed for the
resident benthos to bioturbate very thin layers of recent dredged material present
on the sediment surface, thus obscuring its optical signature.

More recent monitoring of the Elliott Bay PSDDA site in 2002 yielded similar results. Deposits
of recent dredged material greater than 10 cm thick extended from 0 feet to approximately 900
feet outside the target area. Deposits between 1 cm and 10 cm thick extended 400 to 1,500 feet
outside the target area. Traces of freshly deposited material were detected up to 2,900 feet
outside the target area.

Interpretation. The water depths at the Elliott Bay PSDDA site are 300 to 350 feet,
substantially deeper than the depths of 140 to 240 feet in RA5. Thus, greater dispersion and
material deposition outside the target area is expected at the PSDDA site than at PSR. Also, it is
possible that some historical PSDDA material (in particular the relict, bioturbated material) could
have been released outside the current target area, increasing the footprint of the relict dredged
material.5 Using the 2000 and 2002 Elliott Bay PSDDA site data as conservative benchmarks,
the following can be implied for PSR:

• Significant thicknesses (greater than 10 cm) of capping material are expected to
be deposited to distances from 400 to 700 feet outside the RA5 capping
boundaries. The 400-foot distance is taken as the best estimate for cross-slope
deposition. The 700-foot estimate is taken as the best estimate for downslope
deposition.

• Beyond 700 feet from the RA5 capping boundaries, any deposits are expected to
rapidly recolonize (within several months).

• Thinner deposits (from 1 cm to 10 cm) of capping material could be deposited to
distances averaging about 1,200 feet outside the RA5 capping boundaries.
However, rapid recolonization (within several months) is expected for these

In Figure 4-3, the southwestern shaded region that extends outside the disposal site boundary is a separate
disposal of PCB-contaminated sediments conducted by the USAGE in the 1970s (USAGE 1978). The PCB-
contaminated sediments were capped with clean material.
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thinner deposits. The 2000 PSDDA monitoring data indicated that deposits at
these distances had already recolonized by the time the monitoring was conducted.

• Beyond approximately 2,000 feet from the RA5 capping boundaries, any deposits
of capping material would be so thin as to be undetectable after several months.

4.8.4 Estimated Areas and Quantities of Cap Deposition

Figure 4-4 depicts the generalized footprint of off-site cap material deposition. Table 4-4
summarizes the estimated lateral extent and volume of off-site cap material deposition, as
interpreted from both the STFATE and PSDDA monitoring data. In addition to the design cap
area of 58 acres, approximately 65 acres outside the cap boundaries are anticipated to be affected
by deposition of cap material. The bulk of this off-site depositional area (58 acres) is associated
with RA5.

The total capping volume for the MSU is 542,000 cubic yards (this includes a 10 percent volume
contingency). An estimated 123,000 cubic yards of this capping material will deposit outside the
cap boundaries.

hi RA5, the total volume of material specified for placement is 198,000 cubic yards.6 Based on
the STFATE mound geometry, 90,000 cubic yards will be deposited in RA5, and 108,000 cubic
yards (54 percent of the placed material) will be deposited outside the RA5 boundary.

As previously discussed, sediments in areas outside of the ROD-specified and design capping
boundaries are known to exceed SQS for selected chemicals of concern. Deposition of capping
material outside of the boundaries will therefore reduce exposure of aquatic resources to areas
with elevated concentrations of site-related contaminants. Near the RA boundaries, relatively
thick (>10 cm) off site deposits of capping material will occur and will essentially function as a
sediment cap. hi these areas, near-complete isolation of underlying contaminated sediments is
expected. Farther outside the RA boundaries, thinner deposits (<10 cm) will occur and will
essentially function as enhanced natural recovery, hi these areas, many of the existing benthic
organisms will survive the deposition and rework the newly-deposited sediments into the
biologically active layer. For example, deposition of 1 inch (2.5 cm) of clean cap material in off-
site areas may effect an approximate 25 percent reduction in contaminant concentrations in the

For cost estimating purposes, a 10 percent contingency (equaling 19,800 cubic yards) is added to the
specified volume for a total estimated volume of 217,000 cubic yards. Because it is unknown whether this extra
material will be required or where in RA5 it would be placed, the percentage of this extra material that may travel
offsite has not been estimated.
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top 10 cm of sediment, assuming a 10 cm biologically active zone. The areas of off-site cap
deposition will not, however, be monitored as a long-term capping or enhanced natural recovery
remedy.

4.9 SUMMARY OF CAP QUANTITIES

Table 4-3 summarizes the estimated capping volumes that will be required. All cap volumes are
expressed as bulk, barge-measure, and include the overplacement allowance, and the total cap
volume includes a 10 percent contingency on the baseline estimated volume. A total of 542,000
cubic yards of material is estimated to be required, including 325,000 cubic yards of upland
material and 217,000 cubic yards of dredged material.
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Table 4-1
Summary of Cap Thickness Requirements by Area

RA

1 (intertidal)
1 (subtidal)

2a
2b
3
4
5

Thickness (in inches)

Bioturbation

TV

12
6
6
6
6
6
6

Erosion
Te

12
12
12
0
12
0
0

Consolidation
Tc ,

0
0
0
0
0
0
3

Chemical
Isolation

T,

24
24
24
24
24
24
18

Minimum
Required Cap

Thickness8

?2b

42
42
30
42
30
27

JOverplacement
Allowance

TLa

12

12
12
12
12
12
13

Total
• T,

84
54
54
42
54
42
40

' RA5 minimum required cap thickness is 24 inches when measured after consolidation
b ROD requires minimum 60 inches. Tc is added to the ROD minimum
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Table 4-2
Allowable Lift Heights for Cap Placement

Remediation
Area

1,2,3

4

5 (above -175
feet MLLW)
5 (below -175
feet MLLW)

Cap Material

Upland sands/
gravels

upland sands

dredged material

dredged material

Placement -' '
Method Type

Controlled

Controlled

Instantaneous
Bottom-dump
Instantaneous
Bottom-dump

Buoyant Unit
Weight (pcf)

50

50

35-50°

35 - 50"

Undrained
Shear

.'; ••'Strength1'
. (psf)

10

10

10

200

Design
Factor of

Safety

1

2

3

3

Lift ,
Number

1
2

3C

1
2

3,4
All

1

Maximum Allowable
. Thickness of Cap

Lift (ft)

1
2

5
0.5

0.75
1.75

0.3- 1.3C

>3

Allowable Placement Rate
(TON/acre).(b) :"

2100
4200

4200
1200
1800
4000

d

d

* Buoyant Unit weight for dredged material is calculated from STFATE deposition modeling (Appendix D).
Associated allowable thicknesses are based on modeled long-term mound heights and long-term Buoyant Unit Weight of 50 pcf.
Allowable short-term mound heights (within the first week of placement) are approximately 50% greater.

Contractor performance requirement for RA2-4. RA1 performance requirement is based on lift thickness.
c Calculated range of lift heights used to define RA4/RA5 boundary. See Appendix D.
d Placement rate not applicable to instantaneous bottom dump placement
e For RA1 up to 5 feet may be placed in the 3rd lift.

Representative values.

Notes:
MLLW - mean lower low water
pcf- pound per cubic foot
psf- pound per square foot
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Table 4-3
Estimated Capping Volumes

:•'•'•' • • • ' • • ' . ' >

RA
1

2a
2b
3
4

SaandSb
Subtotal
Contingency ( 1 0%)
TOTAL

Area (Acres]
7.02
5.08
2.68
097
20.62
21.95

58.3

Minimum
Required C»p

Tblckneji
'' (Inches 1

72 (c)
42
30
42
30

24 (b)

O^er-placement
Allowance '

' ' rlncb«] '
12
!2
12
12
12
13

Estimated Cip Volume (CY)

' i' *

Estimated

96,165
39,67 \
16,580
7,046

144,688
197,500
501,650
40,549
542,199

- " ± ;._

With
Contingency (c)

96,165
43,638
18,238
7j750

159,157
217,250
542,199

542,199

Estimated Volume! by Material Type' (CY) ' '

Dredged ',
Material (a)

0
0
0
0
0

217,250
217,250

217,250

i :- / UpUnd Material! (d,0

Sand Cap Mil
18,184
21,819
18.238
3,875

159,157

221,273

221,273

Coarse Sand

21,819

21,819

21,819

Beach Sand

603

603

603

Gravel Mli
60,911

3,875

64,786

64,786

FiUer
Material #1

466

466

466

.•'•. Filter
Material «

2.057

2,057

2,057

Rip Rap
9.350

9,350

9J50

Habitat mil

4,594

4,594

4,594

TOTAL UPLAND

96,165
43,638
18,238
7,750

159,157
0

324,949

324,949

Notes:
a - Dredged Material cap volume in barge-measure cubic yards
b - Post-consolidation thickness
c - Tapers to match adjacent RAs at elevations below -4 feet MLLW
d - See specifications for required properties of materials types. Volumes by malerial type include comin&ency
e - Volume contingency for RA 2a, 2b, 3. and 4 is a provision for greater than expected otTsile transport or potential additional placement to correct thin areas
f - In-place and bulk volumes arc assumed to be equal for all materials

Volume
RA1 Volume =
RA2a Volume «
RA2b Volume =
RAJ Volume =
RA4 Volume -
RAS a/b Volume3

96,165 CY
39,671 CY
16,580 CY
7,046 CY

144,688 CY
197,500 CY

Bask
LanDcvelopment software estimate + overplaccment allowance +consolidalion
Area x cap thickness +overp!acemeni allowance +• oflsite transport
Area x cap thickness +oveiplacement allowance + odsite transport
Area x cap thickness +oveiplacemcnt allowance
Area x cap thickness +overplacemeni allowance + oflsite transport + deposition into RA5
STFATE grid placemenl modeling
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Table 4-4
Anticipated Extent of Offsite Cap Material Deposition

Remediation Area
RA1

RA2a
RA2b

RA3

RA4

RA5
TOTAL OFFSITE DEPOSITION

•' *" "•'.;•-'

Source of Estimate
Based on design cap taper
Based on assumed 10:1 cap taper
Based on assumed 10:1 cap taper

None

Transition from RA2b to RA5;
STFATE Results

STFATE Results

PSDDA Monitoring Results (a)
PSDDA Monitoring Results (Average
of RecolonizedJ

''" '̂°~' " ' " * - ' * • ."'••-. .\ 0-;,.-V .-•' v''

Distance Outside
Cap Boundary (ft)

vanes
45
35

0

150-400

>350

400 - 700

1200
...- . '..•-..• . ;),-. *'&*!<! •**--

l*

Affected Area Outside
Cap Boundary (Acres)

0.16
0.77
0.52

0.00

5.84

N/E

57.9

N/E
65

Volume of Material
Deposited Outside Cap

Boundary (CV)
977

2,813
1,475

0

10,436

107,552

N/E

N/E
123,253

Comments : ,

Cap taper readily controlled
Cap taper will be a function of placement methods
Cap taper will be a function of placement methods

RA3 is bound by other RAs

Area based on assumed linear transition; volume
estimate from bottom-dump modeling, likely

overpredicted
Area potentially under-predicted; best estimate of

volume

Estimated area with significant deposition

Possible thin deposits; rapid recolonization
Area based on 400 - 700-foot distance for RA 5

Notes:
N/E - Volume or area not evaluated from this source
a - PSDDA-observed average of 400 ft used for cross-slope deposition;

PSDDA-observed maximum of 700 ft used for downslope deposition

Calculation of Offsite Deposition from RAS Placement:
Placed Volume
Deposition in Cap area
Offsite Volume
Percent Transported Outside RAS:

197,500 cy
89,948 cy

107,552 cy
54%
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5.0 SHORT-TERM WATER QUALITY IMPACTS DURING CONSTRUCTION

In this section, potential short-term losses of chemicals and suspended particulates to the waters
of Elliott Bay are analyzed. Potential impacts to water quality could include elevated chemical
concentrations and/or turbidity associated with dredging, and elevated turbidity associated with
capping operations.

5.1 WATER QUALITY CRITERIA

5.1.1 State Criteria

During construction, Washington state water quality criteria will need to be attained at a
specified point of compliance. These criteria include general water use and criteria classes
(WAC 173-201A-030) for turbidity, dissolved oxygen (DO), and toxic conditions, and the
numerical toxic substances criteria (WAC 173-201A-040).

A temporary mixing zone will be established during the in-water construction activities, and the
point of compliance set at the boundary of this mixing zone. EPA will designate the allowable
mixing zone and has typically approved 300-foot mixing zones in Puget Sound. Water quality
will be monitored at the point of compliance, and the contractor will be required to modify its
placement methods, if required to ensure compliance.

Elliott Bay is a "Class A" water body. The following water quality standards (WAC 173-201A-
030) apply to Elliott Bay, except in the indicated temporary mixing zones:

• Turbidity Criteria. Turbidity shall not exceed 5 nephelometric turbidity units
(NTUs) over background turbidity when the background turbidity is 50 NTUs or
less, or when there is more than a 10 percent increase in turbidity when the
background turbidity is more than 50 NTUs.

• Dissolved Oxygen. Dissolved oxygen shall exceed 6.0 mg/L. When natural
conditions, such as upwelling, occur, causing the dissolved oxygen to be
depressed near or below 6.0 mg/L, natural dissolved oxygen levels may be
degraded by up to 0.2 mg/L by human-caused activities.

• Toxic Conditions. Toxic concentrations must be "below those which have the
potential either singularly or cumulatively to adversely affect characteristic water

W:\06500\100% Design SubmittalVText.wpd
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uses, cause acute or chronic conditions to the most sensitive biota dependent upon
those waters, or adversely affect public health, as determined by the department."

In accordance with anticipated short-term water quality certification, temporary mixing zones are
established in the specifications. If water quality becomes a problem, in-water construction
operations will cease until testing at the mixing zone boundary falls within the required
parameters and operational controls as necessary will be implemented.

5.1.2 Assessment of Turbidity Criterion with TSS Results

The following subsections focus on modeling to assess the predicted turbidity impacts associated
with remedial actions (dredging and capping). These assessments are intended to serve as
preliminary indications of the extent of turbidity plumes and the potential need for operational
controls to prevent excessive turbidity. The model outputs are expressed in terms of incremental
total suspended solids (TSS) above background. A correlation is therefore needed to estimate the
TSS value associated with the state turbidity criterion of an incremental 5 NTU over background.

There is no universal correlation of turbidity with TSS; however, several studies of this
correlation for Puget Sound sediments have yielded similar results. Table 5-1 summarizes these
correlations and the TSS value that corresponds to 5 NTUs at the various sites. From these
studies, a range of 5 to 50 mg/L TSS corresponds to 5 NTUs. This range is consistent with
correlations reported in the literature in other regions (Thackston and Palermo 2000). The
correlations in Table 5-1 include an intercept associated with background turbidity. For the
purposes of this analysis, the maximum slope of the correlations in Table 5-1 is used to assess
incremental turbidity; that is, 1.7 mg/L TSS is assumed to increase turbidity by 1 NTU. Thus, it
is assumed that a TSS of approximately 8 mg/L over background is required to produce a
turbidity of 5 NTU over background.

While the above correlation is needed to interpret the modeling results, actual confirmation of the
turbidity criterion during construction will be accomplished with direct-reading turbidity meters
that provide results in NTUs. Modification of construction procedures will be required if
turbidity impacts exceed state criteria at the mixing zone boundaries.
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5.2 WATER QUALITY IMPACTS DURING DREDGING

5.2.1 Contaminants Released During Dredging

During the pre-design investigation, a dredge elutriate test (DRET) was conducted on a
composite sample from RA3 . The results of this testing, reported in the pre-design investigation
data summary (USEPA 2002a), indicate that chemical concentrations are not expected to exceed
either the acute or chronic water quality criteria in WAC 173-201A-040. Thus, no further
modeling of chemical releases from dredging is required, and no monitoring of chemical
constituents in the water column is needed during dredging.

Although the samples collected for characterization of dredged material showed no indication of
NAPL, highly contaminated oily sediments are present in the MSU, and it is possible that oily
sediments could be encountered at some location(s) within the dredge prism. The contractor is
required to contain any sheens with containment booms and remove any sheen with sorbent pads
or by other means.

5.2.2 Resuspended Sediment Released During Dredging

The TSS concentrations resulting from dredging were estimated using the DREDGE Module
software developed by the USAGE (Hayes and Je 1997). Based on site-specific input
parameters, the DREDGE Module predicts a plume of suspended sediment emanating from the
dredge operation. DREDGE Module output includes TSS concentration values at specific
locations relative to the dredge operation, and a representation of the extent of the predicted TSS
plume.

Selected Inputs

The input parameters used for the designed dredge cuts are summarized in Table 5-2. This
analysis assumes that dredging will be accomplished by open bucket dredging, with a relatively
small bucket size (8 m3), and a 60-second cycle time. The use of closed "environmental" buckets
or increased cycle times would be expected to reduce the TSS concentrations predicted by this
analysis.

Engineering characteristics of the sediment to be dredged were selected based on the grain-size
analysis of sediment sample 207comp, collected during the pre-design investigation from within
the area to be dredged, and on the measured saturated density and water content of another site
sediment sample (from B6-9) classified as a sand. The in situ dry density of the sediment to be
dredged (1,387 kg/m3) was based on this measured saturated density and water content. The
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sediment fraction smaller than 74 micrometer (^m; equal to the No. 200 sieve size) was selected
as 27.8 percent from the grain size distribution report for sample 207comp. The sediment
fraction smaller than the size associated with the critical resuspension velocity (R<, = 17%) was
estimated based on the methodology described in the DREDGE Module. The specific gravity of
the sediment was selected based on a typical value for sand of 2.65 (note that this is conservative
compared to the value of 2.68 measured for sample B6-9).

The settling velocity of the sediment to be dredged (0.00066 m/sec) was calculated based on the
median grain size of the sediment fraction passing the No. 200 sieve (i.e., particles with
diameters less than 74 \im. This median grain size was estimated from the grain size distribution
curve for sample 207comp at 31 |im. The calculated settling velocity was manually entered into
the DREDGE Module, overriding the automatic calculation provided (which resulted in a less
conservative 0.000759 m/sec settling velocity). Calculations for dry density and settling velocity
are included in Appendix G.

Input parameters for the near-field and far-field models within the DREDGE Module were
selected based on the Module recommendations (as modified by USAGE comments on the 30%
Design), along with an expected average water depth during dredging of 6 meters. Site
characteristic input parameters included the ambient water velocity (0.03 m/sec), which was
selected based on the vertical profile of current velocities measured during the predesign
investigations by the current meter CM-2 (USEPA 2002c).

Program Output

DREDGE module output is summarized in Table 5-3 and included in Appendix G. At 150 feet
directly downgradient of the dredging location, DREDGE predicts a maximum TSS
concentration of approximately 12 mg/L. At 300 feet, DREDGE predicts a TSS concentration of
approximately 7.3 mg/L. The downgradient extent of the plume (where TSS concentration drops
below 1 mg/L) is estimated as 1,300 feet, with a maximum lateral extent of approximately 350
feet to either side of the source.

The modeled TSS concentration at 300 ft (7.3 mg/L) is slightly below the 8 mg/L concentration
that may result in a turbidity of 5 NTU above background. These model results indicate that
neither special operational controls nor use of a closed bucket should be required during dredging
to meet the turbidity criterion in WAC 173-201 A. However, because the modeled value is near
the maximum allowable turbidity, the specifications indicate that the dredging contractor should
be prepared to modify operational parameters (such as increasing dredge cycle time) based on
actual turbidity monitoring results.
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5.3 WATER QUALITY IMPACTS DURING CAPPING

The STFATE analysis described in Appendix D was used to evaluate TSS concentrations during
cap placement. Table 5-4 summarizes the TSS plumes at different points in the water column at
3,600 seconds following placement. As expected, the greatest TSS concentrations are
encountered near the bottom, as the deposited material collapses. The results are summarized as
follows:

• Run 1. In RA2b, use of dredged material results in a TSS greater than 8 mg/L
(i.e., NTU more than 5 over background) at a distance between 350 and 400 feet
from the dump location, at near-bottom depths. TSS at the shallower depth
intervals did not exceed 8 mg/L (i.e., NTU more than 5 over background). While
bottom-dump placement may not be used in this location, the results may
approximate turbidity impacts from other placement methods.

• Run 2. In RA2b, use of upland medium sand results in a TSS greater than 8 mg/L
(i.e., NTU more than 5 over background) at a distance between 300 and 350 feet
from the dump location, at near-bottom depths. TSS impacts are less than Run 1
due to the lower silt content. While bottom-dump placement may not be used in
this location, the results may approximate turbidity impacts from other placement
methods.

• Run 3. In RA2a, use of upland coarse sand results in a TSS greater than 8 mg/L
(i.e., NTU more than 5 over background) at a distance between 150 and 200 feet
from the dump location, at near-bottom depths. While bottom-dump placement
may not be used in this location, the results may approximate turbidity impacts
from other placement methods.

• Run 4. STFATE did not produce TSS output for this simulation of RA4, due to
input errors related to water density.

• Run 5. In RA5, use of dredged material results in a TSS greater than 8 mg/L (i.e.,
NTU more than 5 over background) at a distance of approximately 250 feet from
the dump location, at both a mid-water-column depth of 50 feet and a near-bottom
depth of 150 feet. STFATE did not encounter the sediment clouds at the closer
bottom depth of 165 feet; however, turbidity impacts are anticipated to extend
significantly further at this near bottom depth.
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Model runs were not attempted for RA1 and RA3 because placement in these areas will likely be
accomplished with mechanical equipment and STFATE is not an appropriate model for these
areas, hi general, turbidity impacts in RA1 and RA3 will be less than in other areas, due to
shallow depths and the granular construction materials used. In RA1 through RA4, placement
specifications are performance based, and water quality monitoring will be performed during all
construction activities. The contractor will be required to modify the construction methods if
turbidity or dissolved oxygen falls outside applicable state criteria.

5.4 SUMMARY

The results of the DRET analysis indicate that chemical concentrations are not expected to
exceed either the acute or chronic water quality criteria during dredging. DREDGE model results
indicate that special operational controls or use of a closed bucket are not expected to be required
during dredging to meet the turbidity water quality criterion. During capping, STFATE results
indicate that turbidity exceedances are confined to near-bottom depth intervals. At near-bottom
depths, mixing zones of up to 400 feet from the dump location may be required to attain water
quality standards for turbidity. Higher in the water column, turbidity impacts should be below
water quality criteria well within the mixing zone. The STFATE TSS results for RA2a, RA2b,
and RA4 are based on modeled instantaneous bottom-dump placement, which is not the
placement method to be used in these areas. For these areas, the STFATE results are considered
a qualitative yardstick for predicting the turbidity impacts of the actual capping operations.

Water quality will be monitored at the point of compliance established in accordance with
applicable regulations and as specified in the CQAP, and the contractor will be required to
modify its construction methods if turbidity or dissolved oxygen impacts exceed state criteria at
the mixing zone boundaries. The toxic conditions standard under WAC 173-201A-030 will be
addressed by visually monitoring the work area for signs of distressed or dying fish or wildlife.
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Table 5-1
Correlations of TSS and Turbidity in NTUs

' JL;. .;! -'SourceK -r • :

Middle Waterway,
Commencement Bay

Hylebos Waterway,
Commencement Bay

Puget Sound Naval
Shipyard, Sinclair Inlet

Puget Sound stream

Mean

Geometric mean

-'./:.' •£ ^Correlation:^ .': ~.^-;~T.;

TSS =1.055 6 (NTU)

TSS = 1.689(NTU) + 20.149

(not given)

In (TSS) = 1.32 ln(NTU) +
0.15

-

-

-."-•;• ;-"jEsUinateffTSS-., •:-•;;'
; Corresponding: to 5 1«JTU:,
\-r-^--:-'tti&vt'- -••fv-i^'

5.27

28.6

50

9.7

23

16

:;s./ Reference-^ :

MWAC 2001

Hart Crowser 2001

Hart Crowser 1999

Packman, Comings,
and Booth 2000

-

-

Notes:
mg/L - milligrams per liter
NTU - nephelometric turbidity unit
TSS - total suspended solids
- - not applicable
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Table 5-2
DREDGE Module Input Parameters

LV: ^ I Data Eieid^Name '' -^.''^-:
y Selected 1 Input /"=•.

:: Value' ̂ >:s ±ii.<.^' Rationale for iflpmt. Valued :"

Dr^defrM&hariism '.C^;/.;-. • :''-. ̂ ^•^^•^^ ' '•• - y: *':-'.-. ;-; •.-.>-̂ ..I-'.-7:.T -.-•-." V" v'- • • -r.- .!-"-f- '" • ̂ :"-. ' - ,; _~^/; -! 7 ~

Type of mechanism

Bucket size

Cycle time

Settling velocity

In situ dry density of sediment

Open bucket

5m3

60 sec

0.00066 m/sec

l,387kg/m3

Only other model choice is hydraulic, which is
unlikely to be used at site

Low end of range of bucket sizes available in
Puget Sound area

Mid-range of typical values recommended by
DREDGE Module User's Guide

Calculated based on Stokes Law, for a particle size
of 31 |im and a particle density of 2.65 mg/m3.

Value for sandy sediment sample from site
investigation - sample B6-9

Near Field Model: f "v-Lv.^-V'-V;''^ Vv\.^^.:/ -^^y^^ l~Jt^:^^-:-:-_^-_

TGU

Dredge depth

Bucket raise time

Above- water time

Bucket fall time

User selected values for Source
Strength and % loss

5,580 g/m3

6 m

30% of total time

48% of total time

22% of total time

0.39 kg/sec and
0.21%

From table provided in program, this value
corresponds to sediments with d<74 ^im = 27.7%,
which is remarkably close to the value of 27.8%
for d<74 urn from the grain-size curve from
sample 207 comp.

Representative water depth in area planned for
dredge cuts

Typical value given in DREDGE Module User's
Guide

Typical value given in DREDGE Module User's
Guide

Typical value given in DREDGE Module User's
Guide

Source strength value selected as average of TGU
and Correlation method values. DREDGE
Module calculated the 0.21% value when
0.39 kg/sec was manually entered.
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Table 5-2
DREDGE Moduk Input Parameters (Continued)

-" •"! "• Data Tield Name ;/ ;^-:'.;

Far-Field Model :; 4 ̂  ,

Lateral diffusion coefficient

Vertical diffusion coefficient

Settling velocity

Downstream locations

X-step

Lateral locations

Y-Step

Desired water depth

c.. f,,- • -.: '-.'-?.. . '--••-" -aite Cnaractenstics

Water depth

Ambient water velocity

Mean particle size for sediment
fraction passing the No. 200 sieve
(diameters smaller than 74 (im)

Specific gravity of sediment

^

,-.- Selected Input, --
tui^-yajtfevisf''-"...-
:.'• '̂ - ':^ : '• ' ' .•'i-X'"="

3,500 cmVsec

5 cm2/sec

0.00066 m/sec

1,000m

25m

250m

25m

6 m

.. , . . . . • _'i --•• _ _-. - .
- " • ' _ • . .'1 .-._• - • • .-.

6m

0.03 m/sec

31 |im

2.65

27.8%

J ^ . J - v . Rationale for Input Value,. '.-'•• -• -v:-: >

-J-i \- . - '.- , . - — . ; •": - ' .-.-:_ '~^?l-~ • "-"-"". ".-_'-

Mean value of range recommended by USAGE in
30% Design review comments.

Mid-range of values recommended by DREDGE
Module User's Guide

Calculated based on Stokes Law, for a particle size
of 31 |im and a particle density of 2.65 mg/m3.
DREDGE Module calculated a less conservative
value of 0.000759 m/sec.

Distance needed to show TSS concentrations
below 0. 1 mg/L

Convenient increment for display purposes

Distance needed to show TSS concentrations
below 0. 1 mg/L

Convenient increment for display purposes

Representative water depth in area planned for
dredge cuts

• -..-• . »~i ._ • . •. r • •--: "- -• - -• .- •. -.v.-^,;
."-;' '" -': '- ' : . . -••_•. . .- .• .•- '"-•". .":.'-- •.: ' / ' ~ '. \- ! ~ ' .' • .'j : '-' ~ -'

Representative water depth in area planned for
dredge cuts

Representative water velocity selected based on
water velocity profile from CM-2. Discounts
higher water velocities measured near water
surface.

Based on grain-size curve from sample 207 comp.,
collected within proposed dredge area

Typical value for sand

From grain-size curve from sample 207 comp.
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Table 5-2
DREDGE Module Input Parameters (Continued)

Field Naitie
Selected Injiiit i;"
^.i-Value: ':T>; ! Rationale for Input .Value/ ,y

17% Based on the methodology described in the
DREDGE module, which references Nakai (1978).
RO is based on the estimated particle size whose
critical resuspension velocity is the ambient
current velocity (3 cm/s for the PSR site). This
methodology gives a particle size of approximately
0.034 mm. Based on the grain size curve from
sample 207 comp., fraction of the sediment less
than this grain size is 17%.

Notes:
cm2/sec - square centimeter per second
g/m3 - gram per cubic meter
kg/m3 - kilogram per cubic meter
kg/sec - kilogram per second
m - meter
m3 - cubic meter
m/sec - meter per second
urn - microgram
mg/L - milligram per liter
mg/m3 - milligram per cubic meter
mm - millimeter
RD - fraction of particles smaller than particles with a critical settling velocity
R74 - fraction of particles less than 74 microns
sec - second
TGU - turbidity generation unit
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Table 5-3
Predicted Total Suspended Solids (mg/L) in Water Column During Dredging

(From DREDGE)

25 50 75 100

Downstream Distance, m

125 150 175 200 225 250 275 300

-250

-225

-200

-175

-150

-125

-100

-75

-50

-25

0

25

50

75

100

125

150

175

200

225

250

0

0

0

0

0

0

0.003

0.142

2.063

10.29

17.583

10.29

2.063

0.142

0.003

0

0

0

0

0

0

0

0

0

0

0.001

0.014

0.156

1.018

3.886

8.678

11344

8.678

3.886

1.018

0.156

0.014

0.001

0

0

0

0

0

0

0

0.001

0.014

0.097

0.485

1.694

4.137

7.069

8.451

7.069

4.137

1.694

0.485

0.097

0.014

0.001

0

0

0

0

0

0.001

0.009

0.054

0.235

0.783

2.001

3.908

5.841

6.678

5.841

3.908

2.001

0.783

0.235

0.054

0.009

0.001

0

0

0

0.001

0.006

0.029

0.115

0.374

0.981

2.078

3.55

4.896

5.45

4.896

3.55

2.078

0.981
0.374

0.115

0.029

0.006

0.001
0

0.001

0.003

0.015

0.057

0.182

0.487

1.088

2.032

3.176

4.151

4.539

4.151

3.176

2.032

1.088

0.487

0.182

0.057

0.015

0.003

0.001

0.002

0.008

0.029

0.09

0.244

0.566

1.127

1.926

2.823

3.552

3.834

3.552

2.823

1.926

1.127

0.566

0.244

0.09

0.029

0.008

0.002

0.004

0.014

0.045

0.123

0.294

0.614

1.121

1.791

2.503

3.06

3.272

3.06

2.503

1.791

1.121

0.614

0.294

0.123

0.045

0.014
0.004

0.007

0.023

0.062

0.152

0.33

0.636

1.086

1.648

2.219

2.652

2.815

2.652

2.219

1.648

1.086

0.636

0.33

0.152

0.062

0.023

0.007

0.011

0.032

0.079

0.177

0.354

0.638

1.034

1.505

1.967

2.31

2.437

2.31

1.967

1.505

1.034

0.638

0.354

0.177

0.079

0.032

0.011

0.016

0.041

0.094

0.195

0.367

0.627

0.972

1.368

1.745

2.019

2.12

2.019

1.745

1.368

0.972

0.627

0.367

0.195

0.094

0.041

0.016

0.021

0.05

0.106

0.208

0.371

0.607

0.907

1.239

1.549

1.771

1.852

1.771

1.549

1.239

0.907

0.607

0.371

0.208

0.106

0.05

0.021

V
Ml

1
Q

o

u
rt

Q
"3

Notes:

Bold entry - value exceeds 8mg/L, which may potentially be associated with
turbidity greater than 5 NTU above background

Dredge Type - Open Clamshell

Near-Field Model - User Input

Far-Field Model - Kuo's Model

Resuspended Material Selected - TSS, mg/L
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Table 5-4
Predicted Total Suspended Solids in mg/L in Water Column During Cap Placement

(From STFATE)

1 RA
: NOV.
:•-•-,"• £:J

2b
2b
2b
2a
2a
4
4
5
5
5

Him.
; 'N»-v.

~-.'" • " -/

1
I
2
3
3
4
4
5
5
5

: Depth

M:̂
; ;"-- T .

15
25
25
20
38
35
65
50
150
165

•..-- .11-

'-^ .:"- : >> f . V -V :<•.'.:'; pjsfanceTrtfnfC

;t-0:
0.35
654
214
24

217
N/E
N/E
69.4

47.89
N/E

50-=,-:
0.32
590
197
14

167
N/E
N/E

61.36
43.83
N/E

100

0.23
439
153
2.7
80

N/E
N/E

43.26
34.67
N/E

:' ISO

0.14
271
101

0.22
26

N/E
N/E

23.14
24.48
N/E

: :2QQ '

.07
143
58

<0.01
5.9
N/E
N/E

10.06
14.29
N/E

enter Boirif of Cloud (ft); ;:r :- :^f^^~f .^"fi1 V

= 250.;

.02
67
30
0

1.0
N/E
N/E
3.42
7.65
N/E

: 300,

<.01
29
14
0

0.13
N/E
N/E
0.95
3.47
N/E

350

<.01
11.3
5.8
0

0.01
N/E
N/E
0.21
1.43
N/E

• 400 T

<.01
4.2
0
0
0

N/E
N/E
.03

0.51
N/E

450?
<01
1.56

0
0
0

N/E
N/E
<.03
<.51
N/E

.500:;

0

0.52
0
0
0

N/E
N/E

<.03
<51
N/E

Notes:
N/E - Not evaluated; STFATE did not encounter the sediment clouds in the RA4 and RA5 simulations at the specified depths
STFATE runs were not conducted for RAI and RA3, as discussed in text.
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6.0 REGULATORY REQUIREMENTS FOR REMEDIAL ACTION

The ROD (USEPA 1999) for the MSU requires that remedial actions comply with the applicable
or relevant and appropriate requirements (ARARs). These regulatory requirements are discussed
below as they pertain to the remedial actions represented in this design. Also, requirements that
are legally applicable to off-site actions (e.g., material transportation, dredge material disposal)
are presented. For each ARAR, the manner in which the remediation is designed to meet these
requirements is discussed.

For CERCLA sites such as PSR, agency permits or approvals are not required for on-site actions,
but on-site actions must be conducted in a manner that meets the substantive provisions of
applicable requirements. Actions that take place off site are subject to all applicable
requirements, including any administrative (e.g., permit/approval or reporting) requirements.

6.1 FEDERAL REQUIREMENTS

Federal regulatory requirements for dredging and cap construction, and how they are being met
by the project design, are described below.

6.1.1 Sections 401 and 404 of the Federal Clean Water Act - Water Quality Certification
and Dredge and Fill Requirements (33 USC 1340,1344; 33 CFR Parts 320 through
330 and 40 CFR Parts 230 and 231)

Sections 401 and 404 of the Clean Water Act set forth requirements for water quality
certification, and for dredging and placing fill materials into the waters of the United States,
respectively, and are applicable to in-water actions at the MSU. Because these actions will take
place on site, only substantive requirements of these programs apply.

Section 401 requires that a certification of water quality be issued by the responsible government
authority to state that remedial actions will not violate applicable water quality standards. EPA
and Ecology are examining the remedial design and as a result of that review, will make a
determination regarding the ability of the project to meet water quality criteria. Based on the
information and analyses presented in Section 5 of this design report, EPA anticipates that this
certification is achievable. Further discussion of the specific state water quality criteria is
presented in Section 6.2 of this design report. EPA will issue the water quality certification for
this remedial action.
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As stated in the ROD, a Section 404(b)(l) evaluation was completed for the project and it
determined that the in-water remediation work complied with the requirements of Clean Water
Act Section 404. Specifically, the work, as planned, complies with the substantive requirements
of Nationwide Permit No. 38, Cleanup of Hazardous and Toxic Wastes. The requirements
pertinent to the MSU are summarized as follows:

• Navigation. Activity cannot cause more than a minimal adverse impact.

• Proper Maintenance. Any fill must be properly maintained.

• Erosion and Sediment Controls. Appropriate erosion and sediment controls
must be used and maintained in effective operating condition during construction,
and all exposed soil and other fills, as well as any work below the ordinary high
water mark or high tide line, must be permanently stabilized at the earliest
practicable date.

• Aquatic Life Movements. Activity may not substantially disrupt the necessary
lifecycle movements of those species of aquatic life indigenous to the waterbody,
including those species that normally migrate through the area, unless the
activity's primary purpose is to impound water.

• Heavy Equipment Measures must be taken to minimize soil disturbance.

• Tribal Rights. No activity may impair reserved tribal rights.

The design specifics are intended to satisfy these requirements.

40 CFR Part 230 sets forth specific standards to implement Clean Water Act Section 404(b)(l)
requirements for evaluation and testing of dredged or fill material placed into navigable waters of
the U.S. The PSR capping actions include two distinct types of actions subject to these
requirements:

• Placement of Dredged Material. Dredged material from off-site, non-CERCLA
dredging projects will be used to construct the cap in RA5. Because these
dredging projects occur primarily off site, they are subject to all substantive and
administrative requirements of the CWA. Specifically, these projects must fulfill
the requirements of DMMP testing guidelines (which are specific guidelines
developed under CWA authority for management of dredged material in Puget
Sound). The projects must demonstrate that dredged material proposed for
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placement at PSR is suitable for open-water disposal, and the project proponents
must satisfy the substantive and administrative requirements of DMMO suitability
determination. The PSRMP includes procedures for verifying that all dredged
material placed at PSR meets the substantive and administrative requirements of
DMMO suitability determination.

• Placement of Upland Fill Material. Placement of fill material at PSR from
upland sources is considered a CERCLA on-site action and, hence, the substantive
requirements of 40 CFR Part 230 must be met. EPA will meet the requirements
of 40 CFR Parts 230.60 and 230.61 (Evaluation and Testing) through
consideration of such factors as the nature of material being placed, experience,
and the results of import material tests that are required by the specifications. The
specific requirements of DMMP testing guidelines are not applicable, as they are
developed for the unique aspects of management of dredged material.

The design specifics are intended to satisfy these requirements.

6.1.2 Section 10 of the Rivers and Harbors Appropriations Act (33 USC 403; 33 CFR
Part 320,322)

Section 10 of this statute prohibits the unauthorized obstruction or alteration of any navigable
waters of the United States, which includes the subject area. Procedures set forth by USAGE in
33 CFR Parts 320 and 322 require an examination of the impact of the action, in this case in situ
capping, on the public interest. The requirements of Section 10 have been addressed by USAGE
at the same time it addressed the requirements of Section 404 of the Clean Water Act.

6.1.3 Federal Clean Water Act - Water Quality Criteria (33 USC 1251-1376)

The ROD specifies that acute marine criteria set forth under the federal Clean Water Act are
relevant and appropriate requirements for discharge to marine surface water during sediment
dredging, dewatering, and cap placement. Therefore, dredging and cap placement must not cause
exceedances of these criteria in the water outside the mixing zone.

These chemical criteria are not expected to be exceeded outside the mixing zone, as discussed in
Section 5 of this design report. The mixing zone applicable to the MSU is described under the
Washington State Clean Water Act in Section 6.2 of this design report.
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6.1.4 Endangered Species Act (16 USC 1531 et seq.; 50 CFR Parts 17,200,402)

Section 7 of the Endangered Species Act (ESA) requires that federal agencies consider the effect
of proposed actions on federally threatened or endangered (T/E) species. As noted in Section 7
of this design report, several T/E wildlife and fish species may be present in the site area. EPA
has been consulting informally with the U.S. Fish and Wildlife Service (USFWS) and the
National Marine Fisheries Service (NMFS) about the potential effects of remedial activities and
ways to minimize those effects. A biological assessment has been prepared for this project by
USAGE.

Once the biological assessment is complete, the USFWS and NMFS will issue a biological
opinion as to whether the activity as proposed would jeopardize the existence of the listed
species. If so, the NMFS may suggest project modifications that if followed, would reduce
adverse project effects below the "jeopardy" threshold and allow the activity to proceed. If a no
jeopardy opinion is issued by the USFWS and NMFS, the activity may be conducted as planned.
Based on ongoing consultation, allowable periods of in-water work have been identified and
specific habitat enhancement measures have been included in the design. The biological opinion
may include additional conservation measures (such as restrictions on allowable work periods in
certain areas, or monitoring for presence of listed species) that are intended to minimize impacts
on listed species. The design reflects the identified conservation measures.

6.1.5 Fish and Wildlife Coordination Act (16 USC 661 et seq.)

This statute establishes criteria to protect fish and wildlife that could be affected by proposed or
authorized federal projects involving "impounding, diverting, or controlling waters." EPA is
consulting with the USFWS and the WDFW regarding the potential effects of the project on fish
and wildlife and measures that would minimize or mitigate those impacts. Also, the statute
requires that adequate provision be made for the conservation, maintenance, and management of
fish and wildlife resources and their habitats. The ESA consultation described above will also
satisfy the requirements of the Fish and Wildlife Coordination Act.

6.1.6 Resource Conservation and Recovery Act (Subtitle C) Hazardous Waste Program
[42 USC 6921 through 6939(e)] and Regulation [40 CFR 261.4(g)]

In 1998, EPA exempted dredged contaminated sediments subject to Clean Water Act Section 404
requirements from regulation as a hazardous waste, in terms of disposal within water or on land
where there is discharge back to surface water. The disposal of dredged sediments in an upland
facility where there is no connection to surface water is not exempt from regulation. However,
testing of the sediments using toxicity characteristics leaching procedure (TCLP) and other
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chemical analyses indicates that the sediments dredged for off-site disposal will not designate as
a hazardous waste (USEPA 2002b).

6.1.7 Resource Conservation and Recovery Act (Subtitle D) Nonhazardous Solid Waste
Program [42 USC 6941 through 6949(a)] and Regulations (40 CFR Parts 257, 258)

The upland disposal of dredged contaminated sediments is not exempt from federal and state
solid waste management requirements. The requirements of the federal regulations have been
incorporated into Ecology's solid waste regulations, which are presented in Section 6.2.

6.1.8 Native American Graves Protection and Repatriation Act (NAGPRA), 25 USC. §
3001 et seq., 43 CFR Part 10

It is possible that disturbance of Native American materials from earlier times may occur as a
result of sediment dredging. NAGPRA and implementing regulations are intended to protect
Native American graves from desecration through the removal and trafficking of human remains
and "cultural items" including funerary and sacred objects. To protect Native American burials
and cultural items, the regulations require that if such items are inadvertently discovered during
excavation, the excavation must cease and the affiliated tribes notified and consulted. The
specifications require the dredging contractor to cease excavation, should such items be observed
in the materials being loaded onto the barges. Such materials are not known to exist at the site.

6.1.9 National Historic Preservation Act (NHPA), 16 USC §470f, 36 CFR Parts 60,63,
and 800

If Native American or other cultural materials are unearthed as part of the dredging process,
NHPA and implementing regulations require that federal agencies consider the possible effects
on historic sites. If an agency finds a potential adverse effect on historic sites or structures, the
agency must evaluate alternatives to "avoid, minimize, or mitigate" the impact, in consultation
with the State Historic Preservation Officer (SHPO). The specifications require the dredging
contractor to cease excavation, should such materials be observed in the materials being loaded
onto the barges.

W:\06500\l 00% Design SubmittalVText.wpd



FINAL DESIGN SUBMITTAL
PSR Superfund Site, Marine Sediment Unit Section 6.0
RAC, EPA Region 10 Date: 02/03/03
Work Assignment No. 065-RD-RD-101L Page 6-6

6.1.10 Archaeological Resources Protection Act (ARPA), 16 U.S.C. § 470aa et seq., 43 CFR
Part?

Should cultural materials be discovered in dredged sediments, the requirements of ARPA and its
implementing regulations may apply. This program prohibits the unauthorized disturbance of
archaeological resources on public and Indian lands. Archaeological resources are "any material
remains of past human life and activities which are of archaeological interest," including pottery,
baskets, tools, and human skeletal remains. The unauthorized removal of archaeological
resources from public or Indian lands is prohibited, and any archaeological investigations at a site
must be conducted by a professional archaeologist. The specifications require the dredging
contractor to cease excavation, should such items be observed in the materials being loaded onto
the barges.

6.1.11 Magnuson-Stevens Fishery Conservation and Management Act, 16 USC 1801 et
seq., 50 CFR Part 600

Consideration of the effects of federal actions on Essential Fish Habitat (EFH) for species such as
salmon is required under the Magnuson-Stevens Fishery Conservation and Management Act (16
USC 1801 et seq.) and its implementing regulations (50 CFR Part 600), finalized January 17,
2002. Typically state or federal agencies planning actions that might adversely affect an EFH-
managed species must formally consult with NMFS regarding the action. Under 50 CFR
600.920(f), however, existing environmental review procedures for federal actions may meet
EFH consultation requirements, if three criteria are met:

• The existing process must provide NMFS with timely notification of actions that
may adversely affect EFH.

• Notification must include an assessment of the impacts of the proposed action on
EFH.

• NMFS must make a finding that the existing environmental review process
satisfies the statutory requirements (see 50 CFR 600.920(e)(3)).

NMFS has found for a number of other federal projects that an existing ESA environmental
review process (such as the one being followed at PSR) satisfies the requirements of the
Magnuson-Stevens Fishery Conservation and Management Act. It is expected that NMFS will
issue such a finding via a letter to the federal PSR parties, although it may include certain
specific stipulations.
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6.2 STATE REQUIREMENTS

Washington State regulatory programs promulgated by Ecology and the WDNR contain design
requirements that are ARARs for work within the MSU, and legally applicable requirements for
off-site disposal. These regulatory requirements, and how they are being met by the project
design, are described below.

6.2.1 Solid Waste Management Act (Ch. 70.95) and Regulations

The regulations implementing this act (Ch. 173-304 WAC, Minimum Functional Standards for
Solid Waste Handling; Also Proposed Regulation Ch. 173-350 WAC, Solid Waste Handling
Standards, Which When Final, Will Replace Ch. 173-304 WAC; and Ch. 173-351 WAC, Criteria
for Municipal Solid Waste Landfills) are applicable to disposal of dredged material. Because the
disposal of the dredged sediments will take place in a permitted solid waste landfill that is
outside the site boundaries, both substantive and administrative requirements of applicable
regulations must be met for this activity. Sediments and potentially debris will be removed from
the site as part of the RA, and disposed of in a permitted solid waste landfill.

The off-site rule (40 CFR 302.440) of the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP) requires that solid and hazardous waste off-site landfills to which
CERCLA hazardous substances are being sent must be acceptable to EPA. The project
specifications require the contractor to obtain EPA approval of the proposed disposal facility.

In practical terms, the requirements for disposal of MSU dredged sediments will be found in the
permit of the landfill that agrees to accept the waste. For example, the Roosevelt Regional
Landfill's permit allows it to accept sediments that, while dewatered, do not need to pass the
paint filter test (to limit free-draining liquids) before disposal.

6.2.2 Model Toxics Control Act Regulations (WAC 173-340-440)

These regulations contain a section addressing the use of institutional controls at cleanup sites.
The institutional controls (ICs) identified in the PSR ROD (primarily anchoring restrictions) will
be implemented in accordance with these regulations. ICs are also required for maintaining the
integrity of engineered controls at the site (caps, monitoring).

The institutional control for anchoring will be implemented through federal rule-making as
described in Section 1.7.
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6.2.3 Water Quality Standards for Surface Waters (Ch. 90.48 and 90.54 RCW; Ch. 173-
201A WAC)

Elliott Bay has been designated by Ecology as a "Class A" water body, meaning that it is of
"excellent" quality. WAC 173-201-030(2) sets forth water quality standards that must be met in
Class A waters. The most important standards for sediment capping and dredging activities as
previously discussed, are turbidity, dissolved oxygen, and toxic substances limits.

The location where these water quality standards must be met is outside the boundary of the
mixing zone, which for "oceanic waters" (the category into which the MSU fits), extends up to
300 horizontal feet plus the depth of water over the discharge point (WAC 173-201 A-100).

Based on the information in Section 5 of this design report, toxic substance limits are not
anticipated to be exceeded outside the mixing zone. Water quality monitoring during
construction will include dissolved oxygen and turbidity. The specifications require the
contractor to modify operations if exceedances of these criteria occur at the mixing zone
boundary. EPA will determine the final mixing zone boundaries consistent with the
requirements of Section 401 of the federal Clean Water Act.

6.2.4 Point Source Discharges to Surface Water (Ch. 90.48 and Ch. 90.54 RCW) and
Regulations (Ch. 173-220 WAC)

These regulations govern the point source discharge of pollutants to surface water. The dredged
sediments will be dewatered on site, on a barge, during the course of the dredging activities.
Therefore, the substantive requirements of the state National Pollutant Discharge Elimination
System (NPDES) program will be satisfied by the water quality monitoring described above.
That is, the discharge must not cause a violation of surface water quality standards outside the
established mixing zone. The activity will be conducted so as to meet applicable water quality
standards at the mixing zone boundary.

6.2.5 Construction Projects in State Waters (Ch. 77.55 RCW) and Hydraulics Project
Approval Regulations (Ch. 220-110 WAC)

This state program administered by the WDFW sets forth requirements for projects that will use,
divert, obstruct, or change the natural flow or bed of any of the salt or fresh waters of the state.
The purpose of this program is to minimize project-specific and cumulative impacts to fish life in
a particular water body.

W:\06500\l 00% Design SubmittalVText.wpd



FINAL DESIGN SUBMITTAL
PSR Superfund Site, Marine Sediment Unit Section 6.0
RAC, EPA Region 10 Date: 02/03/03
Work Assignment No. 065-RD-RD-101L Page 6-9

Technical provisions of the regulation pertaining to saltwater projects are found in WAC 220-
110-220 through 220-110-330. Technical provisions regarding use restrictions for bed materials,
siltation minimization, debris disposal, and other miscellaneous criteria are provided in WAC
220-110-270. Work within juvenile salmonid migration, feeding, and rearing areas such as the
project area is prohibited from March 15 to June 14 each year (WAC 220-110-271). Additional
restrictions on the dates and types of in-water work that will be allowed will be identified in
consultation with the agencies (see Section 2.6 of this design report).

Although this CERCLA on-site action does not require permits (in this case a hydraulic project
approval), the elements of the MSU remedial design include provisions to satisfy substantive
requirements of this regulation. Further, coordination and consultation with USFWS, NMFS,
and WDFW under the ESA, the Fish and Wildlife Coordination Act, and the Hydraulic Code will
ensure that design elements meet the requirements for all these programs.

6.2.6 Shoreline Management Act (Ch. 90.58 RCW)

The purpose of the Shoreline Management Act (SMA) is to protect and manage shoreline
environments. The MSU includes a shoreline of the state and thus is subject to the substantive
requirements of the act and its regulations. A shoreline is defined in the statute as extending
landward 200 feet from the ordinary high water mark.

According to SMA regulation WAC 173-27-060, federal agency actions within a coastal county
such as King County must be consistent to the maximum extent practicable with the approved
Washington state coastal zone management program, subject to certain limitations set forth in the
Federal Coastal Zone Management Act, 16 U.S.C. 1451 et seq. (CZMA) and regulations adopted
pursuant to it. The SMA is incorporated into the Washington state coastal zone management
plan and, thereby, those direct federal actions occurring on lands subject to the act must be
consistent to the maximum practicable extent with the act, with regulations adopted pursuant to
the act, and with the local master program.

6.2.7 Aquatic Lands Management Laws (Ch. 79.90 through 79.96 RCW) and Regulations
(Ch. 332-30 WAC)

The statutes and regulations pertaining to aquatic lands management are implemented by the
DNR. The State owns these aquatic lands (tidelands, shorelands, harbor areas, and the beds of
navigable waters) in fee and has delegated to the DNR the responsibility to manage these lands
for the benefit of the public. Coordination and consultation with DNR will ensure that design
elements meet the requirements for these regulations.
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6.2.8 Washington State Sediment Management Standards (SMS) (Ch. 173-204 WAC)

The SMS establish a narrative standard with specific biological effects criteria and numerical
chemical concentrations for Puget Sound sediment. Under the SMS, the cleanup of a site should
result in the elimination of adverse effects on biological resources and any health threats to
humans. The Sediment Quality Standards (SQS) correspond to this narrative for ecological
effects. Under the SMS, site-specific cleanup standards are established from a range of
concentrations based on environmental effects, feasibility, and cost; they are to be as close as
practicable to the SQS and no greater than the minimum cleanup levels (MCUL). The MCUL
are equivalent to the cleanup screening levels (CSL).

Attainment of the overall cleanup objectives, as specified in the ROD, will be measured by
compliance with the SMS. The CSL for PAHs serves as the trigger for active remediation of the
MSU; the SQS for PCBs is the trigger for active remediation of sediments in the nearshore
environment (shallower than -10 feet MLLW). The marine sediment cap is the primary
component to achieve CSL and SQS in the MSU.

All imported capping material (with the exception of coarse-grained rock such as riprap) will be
sampled to establish that import material chemical concentrations are below the SQS. The final
surface of the constructed cap will also be sampled to demonstrate that the cap has been
successfully placed, resulting in SQS or lower concentrations throughout the capped area.

6.3 LOCAL REQUIREMENTS

6.3.1 Puget Sound Clean Air Agency Requirements

The Puget Sound Clean Air Agency (PSCAA) requires control of fugitive dust emissions
generated by activities within its region. Specifically, Regulation I, Section 9.15 (Fugitive Dust
Control Measures) prohibits visible emissions of fugitive dust unless reasonable precautions are
employed to minimize these emissions. Examples of reasonable precautions are listed in the
regulations.

Clean materials brought to the site to construct the sediment cap will be managed in accordance
with the requirements of this regulation.
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6.3.2 City of Seattle Noise Ordinance

The City of Seattle's noise ordinance (Seattle Municipal Code, Ch. 25.08, Noise Control) sets
maximum noise emission levels for two time periods: one, for daytime (7 a;m. to 10 p.m.); and
two, for weeknights (10 p.m. to 7 a.m.), and weekends and holidays (10 p.m. to 9 a.m.).
Maximum permissible noise levels within the City of Seattle are listed in Tables 6-1 and 6-2.

The site and its immediate area are within the industrial zone. The contractor will control noise
emissions such that they are no louder than the "industrial" sound sources in Tables 6-1 and 6-2.

6.3.3 City of Seattle's Shoreline Master Program

Activities within 200 feet of the shoreline must be consistent with allowable actions under the
City of Seattle's Shoreline Master Program (see SMC Ch. 23.60, Shoreline District). The
cleanup and shoreline habitat enhancements that are part of this design may ultimately allow
public access to be restored to beach areas, consistent with the goals of the Shoreline Master
Program.
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Table 6-1
Daytime Permissible Noise Levels (Decibels)

i.-;C\ "-- District of^^v^v
- ; Sound Source " : .

Residential

Commercial

Industrial

^ v - / >-v- ; '- '̂i'. : "•":; "-^District-of Receiving Property, •;_-"_'. C •'.-." c "-'-•- : ; ;^_ : :

'.-•• /•^-Residential--:-". \-r-
55

57

1 60

1";, Gbftimef cial ; } ; -:
57

60

65

--^ V.^r industrial": _ : , ^ ^
60

65

70

Note:
Applies 7 a.m. to 10 p.m. weekdays and 9 a.m. to 10 p.m. weekends/holidays

Table 6-2
Weeknight/Weekend/Holiday Permissible Noise Levels (Decibels)

-.".-. Sound Source / . ••_.

Residential

Commercial

Industrial

_~/V?' ; ' ' , '• •_:-- .'j.-;".-:."": -"</_ .-.''• ^District of Receiving Property . " ::"\: ;^:^; -":"

" . ; Residential j". =

45

47

50

; - . - . : •-.Commercial '.'"-.'."-. ."

57

60

65

" •" •'-^V ^ IfiJiustTiai -'-:-"..( - r;=

60

65

70

Note:
Applies weeknights (10 p.m. to 7 a.m.) and weekend/holiday nights (10 p.m. to 9 a.m.)
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7.0 HABITAT CONSIDERATIONS

This section summarizes key information used in preparing the biological assessment (BA),
including an overview of the ecological setting of the MSU, a list of the threatened or endangered
species that may be affected by the cleanup, and a summary of the effects of the cleanup on the
MSU habitat. As discussed in Section 9, the USAGE has prepared the BA.

7.1 ECOLOGICAL SETTING

A detailed description of the ecological setting of the MSU, including habitats and biota, is
provided in the ecological and human health risk assessment technical memorandum (USEPA
1998a, Appendix K). The following sections briefly summarize this information.

7.1.1 Intertidal and Subtidal Habitats

Uplands surrounding Elliott Bay have been developed for urban, port, and industrial land uses,
resulting in the elimination of nearly all intertidal wetlands and shallow subtidal aquatic habitats
(PTI and Terra Tech 1988). Although estimated to be limited in area (the remedial investigation
estimated about 2.3 acres) based on the lowest spring tides, intertidal habitats present in the MSU
include mud- and sandflats, in addition to bulkheads, pilings, and riprap. Presently, the mudflats
and sandflats exist as four small pocket beaches. The remaining intertidal mud or sand flats
occur only as a thin strip at the toe of the riprapped banks and are exposed only at extreme low
tides. Subtidal habitats in Elliott Bay primarily consist of sandy silts, and muddy and coarse
sands, except at the mouth of the Duwamish River, where sandy substrates predominate (Dexter
et al. 1981; PTI and Terra Tech 1988). The MSU is located in a transition zone between the
estuarine environment of the Duwamish River and the marine environment of Elliott Bay; as a
result, the substrates and waters of the MSU contain habitat characteristics common to both
environments.

7.1.2 Biota

Biota utilizing available habitat within the MSU include a variety of marine invertebrates,
estuarine and marine fishes (including salmonids), birds, and marine mammals.

Common marine invertebrates on the piling surfaces, riprap, and bulkheads include barnacles,
tube-dwelling worms, sea anemones, sponges, tunicates, and mussels. Marine invertebrates
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documented or anticipated to utilize the offshore subtidal habitat of the MSU include a variety of
polychaetes, clams, mussels, crab, and shrimp.

Habitats within the MSU provide nesting and adult forage areas on either a seasonal or year-
round basis for numerous estuarine and marine species of fish, including Pacific herring, shiner
perch, snake prickleback, Pacific tomcod, pile perch, Pacific sand lance, copper rockfish, Pacific
staghorn sculpin, and various flatfish species, most notably English sole (Tetra Tech 1988;
Dexter et al. 1981). The most abundant fish species collected during the remedial investigation
fish trawling activities included English and slender sole, Pacific hake, and Pacific tomcod.

Salmonids represent the most important anadromous fish present in the vicinity of the MSU.
Chinook, pink, and chum salmon are common, while coho and sockeye salmon, steelhead trout,
bull trout, and cutthroat trout are less abundant. Multiple migratory runs of both native and
hatchery reared salmonid stocks occur seasonally in Elliott Bay and Duwamish River (Warner
and Fritz 1995). Returning adult salmon congregate at the mouth of the Duwamish River east of
the MSU prior to upstream migrations, and juvenile salmonids may use the nearshore reaches of
the MSU for physiological transition to marine waters.

The MSU provides habitat to a number of terrestrial and water-dependent birds, including loons,
grebes, cormorants, scaups, mergansers, scoters, coots, and gulls. The majority of these birds
utilize the water-column habitat in the vicinity of the MSU during their respective overwintering
periods. Two state monitor species, the osprey and great blue heron, breed close to and possibly
feed on fish within the MSU. However, the great blue heron utilizes primarily shallow water
habitats that can be accessed by wading or perching on structures immediately next to or floating
on the water surface. This type of habitat is extremely limited at the site and in some cases exists
only under pier structures. In addition, two other state monitor species (the homed grebe and
red-necked grebe), as well as five state candidate species (the western grebe, Brandt's cormorant,
merlin, common murre, and Cassin's auklet), and two state sensitive species (the peregrine
falcon and common loon) are also likely to forage or utilize surface waters in the MSU. The bald
eagle (a state and federally listed threatened species) and the peregrine falcon (federal species of
concern) have also been observed in the vicinity of the site. The bald eagle may feed on fish
occurring in the area. However, the peregrine falcon feeds primarily on other birds (usually song
or shore birds). Occurrence of these prey species at the site is habitat-limited, thus remedial
activities will not likely impact these species. The marbled murrelet (state and federally
threatened) depends on nesting in old growth and feeding in coastal marine environments. The
murrelet is more common in northern Puget Sound. Other species that winter in Puget Sound
and may be present in the project area include the brown pelican (state and federally endangered)
and the harlequin duck (federal species of concern).
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Marine mammals known to frequently forage in Elliott Bay include harbor seals and California
sea lions. The harbor porpoise (historically common in south Puget Sound) is also seen
infrequently and is a state candidate species. Harbor porpoise and harbor seals are year-round
residents, while California sea lions utilize the area for winter feeding (Pfeifer 1991). Both the
harbor seal and the California sea lion are state monitor species and have been observed hauled
out on floating structures near the site.

The WDFW, USFWS, and NMFS have classified several species of special concern (i.e.,
requiring protective measures for their perpetuation due to their population status, sensitivity to
habitat alteration, and/or recreational, commercial, or tribal importance). Special-status fish and
wildlife species with their corresponding federal and state status are listed in Table 7-1.

7.2 THREATENED OR ENDANGERED SPECIES

Species are listed under the ESA as either endangered, threatened, proposed, or candidate.
Species listed as threatened or endangered receive federal protection. Species listed as proposed
receive limited federal protection (i.e., are subject to the ESA Section 7 consultation requirement
for federal actions). Candidate species are those that could become listed during the course of
the project. Candidate species receive no mandatory federal protection under the ESA, but
NMFS and USFWS encourage voluntary protection of the species.

7.2.1 ESA Threatened or Endangered Species

Federally threatened or endangered species that may be present in the vicinity of the project are
listed in Table 7-2. A brief description of their occurrence in Elliott Bay is provided below.
Consultation with the USFWS and the NMFS is required if the project will affect species listed
under the ESA. The BA addresses the project impacts on those species as well as threatened and
endangered species listed in Table 7-2. (Candidate species are not addressed in the BA.)

Chinook salmon, bull trout, bald eagles, and the marbled murrelet are common in Puget Sound
year-round; however, the marbled murrelet is more common in northern Puget Sound. There are
no breeding, haulout, or aggregation areas of Steller sea lions in Puget Sound or Elliott Bay. The
California sea lion is very common (not federally listed) and seen at the Ballard locks and
Shilshole Marina. However, only one or two Steller sea lions are thought to be in Puget Sound at
any given time. One or two humpback whales have been sighted in Puget Sound (but none in
Elliott Bay). The nearest sightings were near Alki Beach and Sinclair Inlet in 1999 and 2000,
respectively. There were no sightings in 2001. There has been one sighting to date in Admiralty
Inlet (March 2002). The leatherback sea turtle is common on the outer coast of Washington, but
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may enter Puget Sound to forage on aggregations of jellyfish. There are no confirmed sightings
in Elliott Bay to date. A few brown pelicans winter in Puget Sound every year.

7.2.2 ESA Proposed Species

There are no proposed species in the project area.

7.2.3 ESA Candidate Species

Puget Sound/Straight of Georgia coho salmon and Pacific hake are ESA candidate species.

7.3 ESSENTIAL FISH HABITAT (EFH) SPECIES

Chinook, coho, and Puget Sound pink salmon and marine fishes are EFH species. Consultation
with NMFS under the Magnuson-Stevens Fishery Conservation and Management Act is required
if a project will affect EFH.

7.4 SUMMARY OF HABITAT CHANGES RESULTING FROM REMEDIATION

7.4.1 Project Habitat Objectives

In addition to the overall remediation objectives, the design of the capping systems in the MSU is
based on fulfilling the following overall habitat objectives:

• To select and place cap material in such a way as to provide appropriate habitat
for native marine organisms

• To increase and enhance littoral habitat conditions for migration of juvenile
salmonids, with an emphasis on maximizing habitat gains in the most productive
target elevations of -4 to +4 feet MLLW

• To minimize (to the extent practicable) temporal loss of ecological functions that
result from project implementation
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7.4.2 Areas Affected by Capping

As discussed in Section 4, the cap design area totals 58 acres. The cap will result in habitat
enhancement along approximately 2,000 feet of shoreline.

Approximately 65 acres outside the cap boundaries are anticipated to be affected by deposition of
cap material. The bulk of this off-site depositional area (58 of the 65 acres) is associated with
RA5, and occurs at depths below -150 feet MLLW.

7.4.3 Substrate Modifications

The primary substrate modification will be conversion of contaminated substrate (exceeding
CSLs) to clean substrate in the 58-acre cap design area. Clean cap material will also cover the
less-contaminated substrate outside the cap design area, and much of this area exceeds the SQS.

The sand cap mix and dredged cap material used in RA2b, RA4, and RA5 will be a silty sand
material similar to the existing substrate, although potentially sandier. The coarse sand and
gravels placed in RA1, RA2a, and RA3 (approximately 13 acres) will be considerably coarser
than the existing substrate, but are required for erosion resistance. In areas where riprap is
needed for slope stability in RA1, habitat mix will be placed over the riprap at elevations
between -10 and +13 feet MLLW to enhance habitat value.

Additional substrate enhancement will be provided on the existing riprap bank at elevations
above the cap design limits. Habitat mix will be placed over existing riprap at elevations above
the point where the cap tapers into the riprap. The habitat mix is intended to fill the interstitial
spaces between the riprap materials, enhancing the habitat for the benthos. Above approximately
+15 feet MLLW and along approximately 550 feet of shoreline, the existing riprap will be
amended with topsoil in the interstices to support vegetation.

7.4.4 Changes in Habitat Areas

The cap design for intertidal and littoral areas is based on maximizing the extent of gently
sloping, clean gravel substrate. Placement of the cap will result in a net increase of 1.3 acres of
littoral habitat by conversion of an equivalent area of sublittoral habitat, with no net change in
area of existing waters of the United States. Table 7-3 summarizes the net habitat area changes
resulting from the remediation.

Table 7-4 presents a breakdown of the habitat area changes within the littoral zone, which is
entirely within RA1. In coordination with the Natural Resource Trustees, a project goal was
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established to maximize the areas of the cap that fall within certain intertidal elevations (-4 to +4
feet MLLW) that are deemed the most critical and productive habitat for salmonids. To this end,
and consistent with the other cap design criteria, efforts have been made to minimize the
presence of the relatively steep, armored thick slope cap between -4 to +4 feet MLLW and
maximize the use of flatter slopes at these elevations. The RA1 design results in a net gain of
0.64 acre of habitat between -4 and +4 feet MLLW.

7.4.5 Additional Habitat Enhancements

hi coordination with the Natural Resource Trustees, specific habitat enhancements have been
included in the RA1 design. These measures are described in Section 4.3.4 and shown on the
drawings, and include soil amendments, plantings of riparian vegetation, and placement of LWD.
These elements will add habitat complexity and an ongoing source of organic matter input in the
newly constructed and expanded littoral habitat. As discussed in Section 4.3.4, there is a 1-year
vegetation establishment period during which the vegetation will be monitored. There is no
planned long-term monitoring, maintenance, or adaptive management specific to the vegetation
or LWD.
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Table 7-1
Special Status Wildlife and Fish That Occur in Puget Sound and May Occur Within the

Vicinity of the MSU

' • . -• .- :-•>.• : ••- ."•: .•; ;:-.:• ^-.-;~.~
-. ':•'•'•••• - pommonf Name.^ ;'..-
Birds r> ;--; '-±\ '-': C.-i --f v- -
Osprey
Great blue heron
Homed grebe
Red-necked grebe
Western grebe
Brandt's cormorant
Merlin
Common murre
Cassin's aukJet
Peregrine falcon
Common loon
Bald eagle
Marbled murrelet
Brown pelican
Harlequin duck
Mammals; -. >^;. . ' ^ ' . \.::

Steller sea lion
California sea lion
Harbor seal
Harbor porpoise
Orca whale
Gray whale
Humpback whale

:^."'': --^ •'- -:, V;i;f •••.:: .-'-"' -".•-.'">'••
•^:^^ Scientific :M.m_e'̂ :l-"i"-
-"••:!r""--- T:;; .'i-h-'- ?^"" : "'- '?:•- -fV -'^"-A

Pandion haliaetus
Ardea herodias
Podiceps auritus
Podiceps grisegena
Aechmophorus occidentalis
Phalacrocorax penicillatus
Falco clumbarius
Uria aalge
Ptychoramphus aleuticus
Falco peregrinus
Gavia immer
Haliaeetus leucocephalus
Brachyramphus marmoratus
Pelecanus occidentalis
Histrionicus histrionicus

V '"•"'-.'•.• ". •1"-i~/ • •. ' \ .' •?••;" '•••' -'. ' ' • ' - . >

Eumetopias jubatus
Zalophus californianus
Phoca vitulina
Phocoena phocoena
Orcinus area
Eschrichtius robustus
Megaptera novaeangliae

~\- .." ' - • '~— . • - -•
;: -WDEW
-" / — "l-T-'-'l— "^".- ' ^ ~ ~ ~

M
M
M
M
C
C
C
C
C
S
s
T
T
E

None
- . '•" ' " . ' > •.".' ~: ••

T
M
M
C
C
S
E

:,-, -,;-St.atiis.;..V;^-j
^;iisF>vsv:::::u

''"•. ':";; ;:-• ;•• :^--^-.:~
None
None
None
None
None
None
None
None
SoC
SoC

None
T
T
E

SoC
..' "•'-" "" •; ••'. ' '-"•" " :^/"-: '--?'.

None
None
None
None
None
None
None

V-f._Tt^Y v3
...•NMTS:.;.,

- ~ - - L - ' _ : '—:•".-"—•-.

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

T
None
None
None
None
None

E
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Tab!e 7-1 (Continued)
Special Status Wildlife and Fish That Occur in Puget Sound and May Occur Within the

Vicinity of the MSU

••^V-VSJrfT-: ;̂ ?jj,-:-y-

~: -.-̂ . .Common Name 1" :
'Fftft:-'-.5- '"' ̂ Iv?---^-'- •
Puget Sound chinook
Bull trout
Pacific cod
Pacific hake
Walleye Pollock
Brown rockfish
Copper rockfish
Greenstriped rockfish
Widow rockfish
Yellowtail rockfish
Quillback rockfish
Black rockfish
China rockfish
Tiger rockfish
Bocaccio rockfish
Canary rockfish
Redstripe rockfish
Yelloweye rockfish
Puget Sound-Straight of
Georgia coho salmon
Pacific lamprey

R^tHejf ^^ ; ' ' • • ' ^
Leatherback sea turtle

•v;y-,-:-: ''':'-;-.:'•;'- ."-"•':- f--'^"'"-"-. - -^
"-••'•.-.--'• Scientific-Name •? v^ -">:-

~ ~\-~': ' S S ~~ -•- :'t\'-:~e'':~y---.x-~.?".--~!-j-'i-:r

Oncorhynchus tshawytscha
Salvelinus confluentus
Gadus macrocephalus
Merluccius productus
Theragra chalcogramma
Sebastes auriculatus
Sebastes caurinus
Sebastes elongates
Sebastes entomelas
Sebastes flavidus
Sebastes maliger
Sebastes melanops
Sebastes nebulosus
Sebastes nigrocinctus
Sebastes paucispinis
Sebastes pinniger
Sebastes proriger
Sebastes ruberrimus
Oncorhynchus kisutch

Entosphenus tridentatus
- ' - . . - -.-~..l' '•-.-"' f-;- • " " . . - ;.."• . -'*? "'1 :..".""-:

Dermochelvs coriacea

;-- WDFW :
. __ ."•• '?••' .' ~'.^ —- '••"

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

None

None

-". •'"-. .-•:.'-r ;•;•-%.
E

.--Status1 ••• .•• T.
:>;-:;USFWS/ v
vii.'-' ' • • ' " ~~ ' ~\- : TT;

None
T

None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

None
• ;;-v--^-;:..:>^:

None

• ,- .JSMFS:-;:
-f. ••!•.• .""-_V- .-r:

T
None
None

C
None
None
None
None
None
None
None
None
None
None
None
None
None
None

C

SoC

-. -"" - • ' . * : • ' - '"' -'

E

Source: WDFW

Explanation of status codes:
C = Candidate for listing as threatened or endangered
E = Endangered
M = Monitor
S = Sensitive
SoC = Species of Concern
T = Threatened
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Table 7-2
Threatened or Endangered Species that May Occur in or Near the Vicinity of the MSU

Z f '''•:'/.-:•" f Threatened '.-.'•: -:.". '-^ ^;:\~^: " ;; Endangiered^ ; _; " :
Puget Sound chinook salmon

Bull trout

Bald eagle

Marbled murrelet

Steller sea lion

Humpback whale

Leatherback sea turtle

Brown pelican

W:\06500\100% Design SubmittalVText.wpd



FINAL DESIGN SUBMITTAL
PSR Superfund Site, Marine Sediment Unit
RAC, EPA Region 10
Work Assignment No. 065-RD-RD-101L

Section 7.0
Date: 02/03/03

Page 7-10

Table 7-3
Total Habitat Area Changes Resulting From Remediation

•••••- -. . ; VrXv-,

1. . - . ~r

:.'l_^JKA^.^'-
1

2a
2b
3
4
5a
5b

TOTAL

'':'"."••-.. ' . - ' " '^ •''•'• -- "Areas in Acres il.— .:^ .--. :- "">.'" - ":~ '•-.-. V^^iC. • . . ' -
. =. - ' Existing Conditions ' -S

Bejow-lOfeet
^yviLL\v^;(;

2.97
5.08
2.68
0.97

20.62
20.00

1.94
54.26

. - - - • '.- -,"'•• .-&

.-10 to +14-35;
feetMLLW7

4.05
0
0
0
0
0
0

4.05

,11 /iPost-JleiriediatioW^VL-";^:

^Belo\v-ip feet.
::s.vMLL\y ^

1.68
5.08
2.68
0.97

20.62
20.00

1.94
52.97

;/-io to ¥o.g;
feet MttWr:

5.34
0
0
0
0
0
0

5.34

'--^-^-"\ Net Changei jV^; ~^-:

l-iBieio^.-iOifeet
^•tMLtW.

-1.29
0
0
0
0
0
0

-1.29

-iO to +14-8 Je?!
:;- • -MtLwii^

1.29
0
0
0
0
0
0

1.29

Table 7-4
Littoral Zone Habitat Area Changes Resulting From Remediation

'•'-' '• V. "'••'"-" • • " : " - • • •

:Eleyations -
; (JftMLLW) :•

-10 to -4
-4 to +4

+4 to +11. 2
+11.2 to +14.8

Total: -10 to +14.8

i .•--;•-• -. •" " - . - , . - -

*-.'• ~'; Existing Conditions
1.69
1.39
0.65
0.32

4.05

- ; •"• Ai'eas'in Acres : . ; : <

: : : Pbst-ReTinediation
0.85
2.03
1.98
0.49

5.34

j'-jF-'-'.'f-T--; ' ' --' ""--;= ' ". ,'~ ' ':':" .•?-;..• :••

^?i:-;:i Net'Chahge -:V=- -•"-'• ,

-0.84
0.64
1.32
0.17

1.29

Notes:
All changes in littoral habitat area occur in RA1
MHHW = +11.2 feet MLLW
RA1 area = 7.02 acres
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8.0 REMEDIAL STRATEGY

Implementing a capping remedy in an area with varying site conditions, varying sources of
materials, and potentially limited material availability necessitates the development of and
adherence to a construction strategy that minimizes short-term impacts to the environment and to
commercial marine related activities, while remaining cost effective. This section describes the
construction and contracting strategies.

8.1 REMEDIAL CONSTRUCTION STRATEGY

The overall construction strategy has been developed with the following goals:

• Sequence the remediation to obtain the greatest ecological benefits as early as
possible.

• Minimize logistical conflicts between multiple contractors.

• Minimize the short-term, construction-related impacts to aquatic resources and
commercial marine related activities.

• Allow for the beneficial re-use of dredged material as capping material.

• Provide the greatest risk reduction as early as possible.

• Implement the design in a cost-effective manner.

The general approach to the major construction elements (in the general order of construction) is
described below. Specific information on construction sequencing and scheduling is provided in
Section 11. The construction schedule reflects the strategy described below, and emphasizes
removing the piling and completing construction of the RA1 cap before the end of the first
construction season (e.g., before February 14, 2004). It is stressed, however, that this schedule is
subject to change as the construction contractor (for RA1 through RA4) will submit a
construction schedule for USAGE and EPA approval. The contractor's construction schedule
will comply with restrictions on allowable periods for in-water work that are identified in the
specifications and discussed in Section 11.
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8.1.1 Piling Removal

Several hundred piles and associated overhead wooden structures in the nearshore area will be
removed to facilitate placement of the nearshore capping system. Design and construction of the
piling removal will be executed by the Port of Seattle and will be coordinated to minimize the
impact on marine resources, Port and other marine navigation activities, public access to existing
park facilities, nearshore capping construction, and the required dredging in RA3. The piling
design will include extraction of the piles where practicable, or otherwise cutting the piling at the
mudline and leaving the stubs in place, consistent with the ROD. EPA is coordinating with the
Port of Seattle to accomplish the piling removal before capping and dredging activities begin.

8.1.2 Dredging in RA3

Dredging in the vicinity of Crowley Marine Services (including RA3 and nearby portions of
RA1) can be completed independently of other remedial actions but will need to be coordinated
with nearshore capping construction and piling removal activities. The dredging must precede
capping in RA3 and adjacent RA1 and RA2a. To minimize potential logistical conflicts between
contractors, the dredging will be accomplished under the same contract as the capping in RA1.
The contractor will dewater the dredged material on barges in the dredge area to minimize any
off-site discharges of dredged material and associated short-term impacts to aquatic resources.
Dredging of RA3 and adjacent capping in RA1 will necessitate shutting down operations at
Crowley Marine Services for approximately a 3 to 5 week period, likely in autumn 2003.

8.1.3 Capping in RA1 Through RA4

Upland material will be used to construct the cap in these areas. Construction considerations for
RA1 through RA4 are described below.

• Capping and Outfall Extension in RA1. It is desired to complete all work in
RA1 within the first construction season. The intertidal area is potentially the
most ecologically sensitive area of the MSU and provides the greatest opportunity
for habitat enhancement and beach establishment. RA1 also presents geotechnical
challenges related to slope stability and specific materials are required for erosion
resistance. Construction in RA1 will need to be coordinated to minimize the
impact on marine resources, Port and Crowley marine navigation activities, tribal
fishing, public access to existing park facilities, and piling removal and dredging
activities. Placement of the outfall extension in RA1 will follow the dredging
activities as soon as practical, as the dredged slopes for the outfall extension are
temporary and could slough if left open for extended periods.

W:\06500\l 00% Design SubmittalYText.wpd



FINAL DESIGN SUBMTTTAL
PSR Superfund Site, Marine Sediment Unit Section 8.0
RAC, EPA Region 10 Date: 02/03/03
Work Assignment No. 065-RD-RD-101L Page 8-3

In the portions of RA1 where armor material is required (i.e., in thick slope cap
areas), the filter layer and armor material will be placed as soon as possible
following completion of the cap subgrades, to avoid erosion. Specific placement
sequence notes are included in the drawings. The specifications require the
contractor to place the riprap in sections along the slope, immediately after the
slope has been dressed with graded filter layer material. This is intended to
minimize any damage to the filter layer materials due to tidal fluctuations.

• Capping in RA2a, RA2b, and RA3. These areas are located in relatively shallow
water and do not pose unusual construction concerns for a project of this type.
However, RA2a and RA3 are potentially susceptible to prop scour, which (in their
existing uncapped condition) may pose some risk of resuspension of contaminated
material and recontamination of newly-capped adjacent areas. Therefore, RA2a
and RA3 should be capped as soon as possible after RA1 is completed.
Construction in RA2a and RA3 will need to be coordinated to minimize the
impact on Port and other marine navigation activities, and will necessitate
shutting down or limiting operations at Crowley Marine Services for an
approximate 3- to 5-week period, likely in early summer 2004. Because the cap
design in RA2a and RA3 includes a top layer of armor material, the armor
material must be placed before tug navigation resumes in this area to avoid
erosion of the sand cap mix. Capping of RA2b will follow RA2a and RA3.

• Capping in RA4. Placement of a cap in this area presents geotechnical
challenges associated with steep slopes, relatively deep water, and the potential
for triggering submarine landslides during cap placement. Specialized placement
methods are required to minimize the potential for short-term and long-term
slope instability. Capping in RA4 will begin in the second construction season
(following RA2a, RA2b, and RA3) and is anticipated to be complete by the end of
the second construction season. However, it is possible that production rates
could be lower than anticipated and construction of RA4 could extend into a third
construction season. To enhance slope stability during construction, cap
placement in RA4 will occur in several segments (as shown on the drawings) and
proceed from the bottom of the slope, working upward. Interference with marine
navigation activities is not anticipated to be a major concern in this area, although
coordination will be required.
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8.1.4 Capping in RA5

Dredged material will be used to construct the cap in RA5. RA5 is amenable to more simplified
cap placement measures, similar to bottom-dump disposal of dredged material that occurs at
DMMP disposal sites. Capping will take place over a number of years as clean dredged material
from other locations becomes available for use as capping material. Specific procedures and
construction quality control provisions have been developed in coordination with the USAGE.
(The design drawings and specifications for RA5 are included in Appendix F of this document.)

The schedule of availability of suitable dredged material will largely dictate the sequencing of
cap placement in RA5. Therefore, it is not possible (or necessary) to coordinate the sequencing
of the RA5 capping with the construction activities in RA4. However, to the extent that dredged
material can be placed in RA5 in such a way as to provide some buttress material for the
upgradient RA4 cap, slope stability may be slightly improved in RA4. The drawings for RA5
include sequencing notes that were developed with this goal. Sequencing is further discussed in
Section 11.1.

8.2 CONTRACTING STRATEGY

8.2.1 Contracting Entities

Piling removal will be designed and contracted by the Port of Seattle. Piling removal is
anticipated to be completed in advance of the capping and dredging activities defined in this
design.

USAGE will be the contracting entity for all other dredging and cap construction activities, and
will procure remedial construction contractors and administer all construction and oversight
contracts. Contracting must meet all applicable provisions of the Federal Acquisition Regulations
(FARs) and the Defense Acquisition Regulations (DFARs), including assurance of competition
and due consideration for use of small, disadvantaged, and minority-owned businesses.

Primary factors affecting the contracting strategy are the sources of capping material and the
types of contracting mechanisms available to USAGE. For example, dredging contracts are
routinely let for maintenance dredging activities in the region, and these contracts may be useful
as a means of procuring and placing dredged materials as a cap in RA5. Similarly, USAGE
maintains a number of indefinite delivery/indefinite quantity (ID/IQ) contracts that may provide a
contracting mechanism for construction monitoring and verification services. At this time, it is
envisioned that construction contracts will include those described in following subsections.
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8.2.2 Construction of RA1 through RA4

All construction in RA1 through RA4 will be bid competitively under one contract. The contract
for these areas will include a base item that covers the first year's activities, and option items for
subsequent activities. Thus, the contract would be organized as follows.

Base Items

The contract base items will include:

• Dredging and disposal of dredged material from the area of Crowley Marine
Services and the former Longfellow Creek Outfall

• Construction of the cap in RA1

• Construction quality control, including water quality monitoring, sampling, land
and bathymetric surveying, reporting, and other activities described in the RA1-4
CQAP

Option Items

The contract option items will include:

• Construction of the cap in RA2a and RA3
• Construction of the cap in RA2b and RA4

Each of the option items would include the associated construction quality control, including
water quality monitoring, sampling, land and bathymetric surveying, reporting, and other
activities described in the RA1-4 CQAP. If the USAGE elects to award all of the options, the
same contractor would construct all of RA1 through RA4. If the USAGE does not elect to award
all of these options, then another contractor will be procured through competitive bidding.

Vegetative Planting. Because planting must be accomplished in autumn and the plants must be
maintained, the planting will be contracted separately. Existing USAGE delivery order contracts
are likely to be used for planting and maintaining the vegetation during a designated
establishment period (e.g., 1 year). For this reason, the vegetative planting specifications are
included separately in Appendix H.
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8.2.3 Construction of RA5

The USAGE regularly procures dredging services for maintenance dredging activities in the
region. Future contracts with these dredgers will be designed to include additional clauses and
requirements that will allow dredged material to be used in construction of the RA5 cap. The
dredging contracts will direct the contractors to place clean dredged material (that meets
specifications for capping) in specific areas of RA5, in accordance with the drawings in
Appendix F. An example of such a contract specification is included in Appendix F. Dredging
contractors will not be responsible for cap placement monitoring or construction verification in
RA5.

hi addition to USAGE dredging contracts, other parties applying for PSDDA open-water disposal
of suitable material may consider placement of their material at RA5. hi this case, USAGE will
evaluate the material for suitability as capping material, and if suitable, USAGE will set forth the
requirements for placement at RA5. The third parties would place the material at PSR.

Placement monitoring and verification in RA5 will be performed under available USAGE
contracting options as described below.

8.2.4 Construction Monitoring and Quality Control in RA5

Services for construction monitoring, oversight, and verification in RA5 will likely be procured
through existing USAGE ID/IQ contracts. Monitoring and verification will include sampling,
surveying, construction oversight, reporting, and other activities described in the RA5 CQAP.
This contract will also include requirements for post-construction monitoring activities that will
occur over the period in which the cap is completed in discrete areas, but is still being
constructed in other areas, as described in the OMMP.

8.2.5 Post-Construction Monitoring and Maintenance

Post-Construction Monitoring

The requirements for post-construction monitoring for the entire MSU are described in the
OMMP. USAGE will likely procure services for post-construction monitoring using existing
ID/IQ contracts. This would include short-term monitoring requirements (i.e., monitoring of
completed cap areas while other areas are still under construction) and long-term monitoring
until the remedy is proven to be operational and functional, at which time long-term monitoring
will be turned over to the State. As previously mentioned, these services may be included in the
contract for the construction monitoring and construction quality control in RA5.
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Post-Construction Maintenance

As the need for physical maintenance of cap areas is identified over time, separate construction
contracts will need to be developed by the US ACE or the State to accomplish the required work.
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9.0 REMEDIAL DESIGN AND POST-CONSTRUCTION DELIVERABLES

This document represents the final (100 percent) design for the project. This design builds on the
information presented in the 30-percent design deliverable, which was submitted on July 26,
2002, the 90 percent design deliverable, which was submitted on December 3, 2002, and includes
consideration of input provided by EPA, USAGE, WDNR, NMFS, NOAA, WDFW, Ecology,
the Muckleshoot Tribe, and the Suquamish Tribe.

Additional documentation associated with construction and regulatory compliance will be
developed as the construction progresses. Key design and construction documents are discussed
in the following subsections.

9.1 FINAL DESIGN

This final design package was prepared by URS on behalf of EPA and incorporates measures
deemed necessary to minimize adverse impacts to marine resources and implement habitat
enhancements identified through ESA consultation. Based on this final design, bid packages will
be prepared by USAGE for prospective construction contractors to bid the work.

This design submittal includes the basis of design, all construction drawings, and specifications.
Companion documents prepared concurrently with this submittal include the OMMP, the
CQAPs, the PSRMP, and the BA as discussed below.

9.2 BIOLOGICAL ASSESSMENT

To meet substantive and procedural requirements of the ESA, the BA identifies sensitive (rare,
threatened and endangered) species and their habitat within the project area and the types of
impacts that could be associated with remedial actions. Opportunities and approaches for
mitigation of adverse impacts are also presented in the BA. The BA is being used by EPA to
meet consultation requirements under Section 7 of the ESA.

The Final BA was prepared concurrently with the 90 percent design package and submitted by
EPA to NMFS and USFWS for review and concurrence.
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9.3 CONSTRUCTION QUALITY ASSURANCE PLANS

Because contracting and construction methods in RA1 through RA4 are different from those in
RA5, separate CQAPs were developed for these areas.

The CQAP for RA1 through RA4 is included as Part IV of this design and is also considered a
part of the PSRMP. The CQAP will guide the construction managers in the evaluation and
confirmation of performance during construction, and was developed in conjunction with the
contractor quality control requirements that are included in the specifications. The CQAP
identifies the required inspections, surveys, monitoring, verification sampling, reporting
mechanisms, and documentation, and outlines potential corrective actions. In general, the
contractor for RA1 through RA4 will implement the required construction quality control
procedures and be responsible for potential corrective actions. The USAGE will use the CQAP
as they manage the construction, to assure the quality of the work and direct the contractor to
take any necessary corrective actions.

The CQAP for RA5 was prepared by the USAGE and is a companion document to this design.
The RA5 CQAP serves the same functions as described above. However, the quality control
requirements (e.g., sampling, surveys) will be implemented by an oversight contractor, and
potential corrective actions will be implemented through new or modified construction contracts.
The RA5 CQAP is a part of the PSRMP.

9.4 OPERATIONS, MONITORING, AND MAINTENANCE PLAN

One comprehensive OMMP covers all RAs. The OMMP is a part of the PSRMP and covers
post-construction monitoring and maintenance activities that are required to ensure the long-term
performance of the remedy. The OMMP outlines performance expectations and describes
potential courses of action that should be taken based on sampling results, the passage of time,
the influence of marine activities including marine construction, or the occurrence of natural
phenomena such as earthquakes or significant weather events.
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The OMMP also covers short-term monitoring activities that will be required in completed cap
areas during the period in which the cap in other areas is still being constructed. The following is
a specific example of the mechanisms for implementing the short-term requirements of the
OMMP:

Example of short-term OMMP implementation: The cap in RA1 may be
constructed, verified in accordance with the CQAP, and determined to meet all
acceptance criteria at the end of the first year of construction. The contractor
that constructed RA1 will have completed the contracted work in this RA. The
OMMP defines the monitoring and maintenance requirements for the completed
portion of the cap in year 2 (for example), while construction of the cap in other
RAs is ongoing. The USAGE will maintain a separate monitoring contract to
implement the OMMP monitoring. Should maintenance of the RA 1 cap be
required in year 2, such maintenance would be contracted separately, either with
the original construction contractor or a different construction contractor.

9.5 PSR MANAGEMENT PLAN

The EPA has tasked the Seattle District, USAGE to develop the PSRMP to define the strategies
and procedures for construction and maintenance of the remedy for the MSU. The PSRMP
includes:

• All documentation in this Final Design Submittal, including the CQAP for RA1
through RA4

• The CQAP for RAS
• The OMMP that covers the entire MSU
• The Management Guidelines, which covers procedures for use of dredged

material for the cap in RAS

The PSRMP provides a basis for EPA and USAGE (as an agent of EPA and under its Clean
Water Act Section 404 and Rjvers and Harbors Act authority) to utilize material from federal
channel navigation and restoration dredging as well as nonfederal navigation and restoration
dredging projects for beneficial use as capping material at PSR.

The PSRMP describes the means by which EPA's construction at PSR will satisfy dredged
material and land management agencies' and resource trustees' objectives for environmental
restoration and beneficial uses of dredged material. The RA will be completed using several
contractors managed by the USAGE. It also deals with permitted activities of open-water
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dredged material placement managed by the USAGE'S 404/Section 10 program administered by
the Dredged Material Management Office. The PSRMP describes relationship of activities and
identifies administrative procedures for dredged material testing and acceptance (similar in
function to the two existing PSDDA management plans). As such, the PSRMP provides a
comprehensive guide for applicants to determine requirements for placing dredged material at
PSR. The PSR Management Guidelines contains a Document and Data Management Plan,
describing how data will be acquired and managed and documentation and filing procedures.

9.6 BID PACKAGE

Following EPA's approval of the Final Design, the USAGE will develop a bid package for the
competitively-bid construction in RA1 through RA4. The bid package will include the plans and
specifications, supporting documentation, and bidding and contract documents (e.g., instructions
for contractors to bid the work).

9.7 REMEDIAL ACTION MANAGEMENT PLAN

Following award of the construction contract for RA1 through RA4, the contractor will prepare
and submit a Remedial Action Management Plan (RAMP). The construction specifications
require the contractor to submit a RAMP that describes the equipment, procedures, materials,
methods, disposal location, vessel management procedures, and personnel to be employed in the
work. The RAMP will also include such elements as an environmental protection plan, sampling
plans, and a Contractor Quality Control (CQC) Plan. EPA must approve the RAMP prior to
initiation of construction.

9.8 POST-CONSTRUCTION DOCUMENTATION

The RA activities will be documented in several reports. The Contractor for RA1 through RA4
will submit a Cost and Performance Report (CPR) that will provide a narrative of the activities
that occurred, document the modifications to the expected RA activities and the resulting cost
implications, and list the quantities of material involved in the RA. The drawings will be
modified to provide record drawings that reflect the actual site conditions at completion of
construction. A post-construction survey will be included in the record drawings. The CPR will
provide baseline information for the USAGE to prepare a Remedial Action Report (RAR). The
RAR will include the information presented in the CPR, along with results from the RA5
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the Dredged Material Management Office. The PSRMP describes relationship of activities and
identifies administrative procedures for dredged material testing and acceptance (similar in
function to the two existing PSDDA management plans). As such, the PSRMP provides a
comprehensive guide for applicants to determine requirements for placing dredged material at
PSR. The PSR Management Guidelines contains a Document and Data Management Plan,
describing how data will be acquired and managed and documentation and filing procedures.

9.6 BID PACKAGE

Following EPA's approval of the Final Design, the USAGE will develop a bid package for the
competitively-bid construction in RA1 through RA4. The bid package will include the plans and
specifications, supporting documentation, and bidding and contract documents (e.g., instructions
for contractors to bid the work).

9.7 REMEDIAL ACTION MANAGEMENT PLAN

Following award of the construction contract for RA1 through RA4, the contractor will prepare
and submit a Remedial Action Management Plan (RAMP). The construction specifications
require the contractor to submit a RAMP that describes the equipment, procedures, materials,
methods, disposal location, vessel management procedures, and personnel to be employed in the
work. The RAMP will also include such elements as an environmental protection plan, sampling
plans, and a Contractor Quality Control (CQC) Plan. EPA must approve the RAMP prior to
initiation of construction. .

9.8 POST-CONSTRUCTION DOCUMENTATION

The RA activities will be documented in several reports. The Contractor for RA1 through RA4
will submit a Cost and Performance Report (CPR) that will provide a narrative of the activities
that occurred, document the modifications to the expected RA activities and the resulting cost
implications, and list the quantities of material involved in the RA. The drawings will be
modified to provide record drawings that reflect the actual site conditions at completion of
construction. A post-construction survey will be included in the record drawings. The CPR will
provide baseline information for the USAGE to prepare a Remedial Action Report (RAR). The
RAR will include the information presented in the CPR, along with results from the RA5
construction and construction monitoring. Separate RARs may be prepared for RA1 through
RA4 and RA5.

W:\06500\100% Design SubmittalVText.wpd



FINAL DESIGN SUBMITTAL
PSR Superfund Site, Marine Sediment Unit Section 9.0
RAC, EPA Region 10 Date: 02/03/03
Work Assignment No. 065-RD-RD-101L Page 9-5

construction and construction monitoring. Separate RARs may be prepared for RA1 through
RA4 and RA5.

9.9 MONITORING AND MAINTENANCE REPORTS

Monitoring will be conducted according to the OMMP. Each monitoring event will be
documented in a report that will record the reason the monitoring event was triggered, the
methods that were used to perform the monitoring, and the results. The report will be concluded
with a section that describes any necessary cap repair or additional monitoring activities.
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10.0 IDENTIFICATION OF EASEMENT AND ACCESS REQUIREMENTS

10.1 WATER ACCESS

Contractor barge access to the site will be required over the 3- to 5-year construction activity. It is
anticipated that most, if not all, import materials (dredged material and upland materials) will be
brought to the site via barge. Barge access to the general site is not considered a difficulty. It is
anticipated that existing nearshore marine structures can be used as a tie-up area.

A critical access concern relates to the dredging and capping construction activities in the vicinity
of Crowley Marine Services. During activities in the vicinity of Crowley Marine Services, steel
cables between the dolphins will need to be removed, mooring of vessels will not be possible, and
access to the pier will be limited. In addition, modifications to the former Longfellow Creek
outfall to accommodate cap placement will also impact operations at Crowley Marine Services. It
is anticipated that these impacts will last for at least two discrete construction periods of:

• Dredging of RA3 and capping in adjacent areas of RA1: 3 to 5 weeks in autumn
2003

• Capping of RA3 and RA2a: 3 to 5 weeks in summer 2004

These are approximate estimates and will be refined based on the Contractor's RAMP submittal.
EPA is coordinating with the Port of Seattle and Crowley regarding this access.

Water access will be coordinated with tribal fishing* activities which are anticipated to occur in the
vicinity of the site during construction activities. The Contractor may be required to modify
construction sequencing or operations to accommodate tribal fishing.

10.2 LAND ACCESS

Road access to the site will be required, for construction equipment, field office, laydown areas,
etc.

Contractor staging areas on the upland part of the site will be required for the contractor's parking,
field office, equipment staging, and material stockpiling over the anticipated 2-year period in
which upland material is used for cap construction. It is anticipated that most upland cap
materials will be delivered by barge and placed directly from the barges into the MSU. However,
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the contractor may elect to use the upland staging areas for stockpiling material. The contractor
may also need to construct temporary access routes from the upland staging areas to the shoreline
for transfer of equipment and materials. In general, the need for upland contractor staging areas
will be greatest during the first season of construction, during which the RA1 cap and Longfellow
Creek outfall are being constructed.

Land access will also be needed at the transloading facility, to accomplish the transfer of dredged
material to rail cars. The contractor will identify the proposed transloading facility in the RAMP
submittal.

Requirements for roadway access and staging areas are being coordinated with the Port of Seattle.
Staging areas and haul routes have been identified and are shown on the drawings. EPA will
coordinate with the Port of Seattle to finalize the acceptable staging areas and haul routes. The
contractor responsible for construction of RA1 through RA4 will provide office space and access
for USAGE construction management personnel.

f
Public access areas currently transverse areas between the identified staging areas and the MSU. ^
The public also currently has access to the viewing pier. EPA will coordinate with the Port of
Seattle to identify any public access areas that will need to be restricted during the construction of
RA1 through RA4.

No specific requirements for upland access are identified for construction of RA5. Dredged
material will be brought into RA5 by barge and placed directly from barge, and the contractors
placing the dredged material will not need land access. However, USAGE construction
management personnel may establish a field office if this is determined to be necessary.

10.3 EASEMENT AND LEASE REQUIREMENTS

No easement or lease requirements are anticipated for this project.

0
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Seattle to identify any public access areas that will need to be restricted during the construction of
RA1 through RA4.

No specific requirements for upland access are identified for construction of RA5. Dredged
material will be brought into RA5 by barge and placed directly from barge, and the contractors
placing the dredged material will not need land access. However, USAGE construction
management personnel may establish a field office if this is determined to be necessary.

10.3 EASEMENT AND LEASE REQUIREMENTS

No easement or lease requirements are anticipated for this project.
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11.0 CONSTRUCTION SEQUENCING, SCHEDULE, AND COST ESTIMATE

The following discussions of construction sequencing, schedule, and cost estimate are based on
use of upland sources of cap material for RA1 through RA4, and the use of dredged cap material
inRAS.

11.1 CONSTRUCTION SEQUENCING

Construction sequencing is based on the following logistical and design considerations (refer to
the design drawings for locations of specific features):

• Piling removal (by others) is assumed to be completed prior to any other
construction activities.

• RA1 through RA4 is assumed to be constructed by one contractor, working
independently of construction in RA5.

• Construction of the cap in RA1 is anticipated to begin in the 2003 construction
season and will take several months. RA1 construction should begin as early as
possible to complete the intertidal habitat enhancement and achieve habitat
benefits as early as possible. It will be necessary to construct the RA1 cap in
segments to prevent erosion of placed material. Within each segment, the cap
consists of individual lifts of material. Specific notes on sequencing the
construction of the individual lifts in RA1 are included in the drawings. It is
anticipated that the RA1 cap can be completed in the first construction season.
However, due to fish window limitations, it is possible that a portion of the RA1
cap may need to be completed in the second construction season.

• Dredging in RA3 should begin roughly concurrently with initiation of the RA1
capping. Dredging in RA3 must be completed prior to construction of the cap in
RA3 and the cap in adjacent portions of RA1 and RA2a. The dredging includes
excavation of keys for the thick slope cap in a portion of RA1. The contractor will
also excavate along the alignment of the required extension of the former
Longfellow Creek outfall in RA1. This excavation will be armored to maintain the
temporary slopes until the outfall extension is constructed.
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• The extension of the former Longfellow Creek outfall must occur as soon as
possible after dredging and before completion of the proximate portion of the RA1
cap.

• Vegetative planting in RA1 must occur after the RA1 cap is completed and must
occur in the fall.

• RA3 will be capped following capping in RA1. RA3 has a higher priority than
RA2a, RA2b, and RA4 because potentially contaminated sediments may remain in
RA3 following dredging. Until they are capped, these sediments in RA3 may be
subject to erosive forces from propwash and become a source of recontamination
of adjacent areas.

• Capping in RA2a, RA2b, and RA4 will generally follow RA3.

• Capping in RA4 will generally occur in the same timeframe as capping in RA5.
Specific sequencing within these RAs has been developed to minimize the
potential for, and damage from, any potential slope failures that may occur during
placement. Placement in RA4 will progress from deeper offshore areas and work
upslope toward the nearshore areas. The cap in RA4 will be constructed in several
segments, each segment constructed from the bottom of the slope working upward.
In this way, if slope failures occur as the first segment is being constructed,
construction methods can be modified in subsequent segments. The segments in
RA4 will be constructed from east to west.

• Known sources of dredged material for placement in RA5 may first become
available in 2004. Placement in RAS will commence as soon as suitable dredged
material becomes available and the associated environmental monitoring
contracting is in place. Given the unknowns in dredged cap material availability, it
is not possible to definitively link the sequencing of cap construction in RAS
relative to RA4. It is also desirable to maintain maximum flexibility for the
USAGE in specifying where individual bargeloads will be placed. In general, the
slopes are shallower in RAS and submarine landsliding caused by placement is less
of a concern in RAS, compared to RA4. To the extent that landsliding is a concern
in RAS, it is most likely near the RA4/RA5 boundary, where the slopes are about
15 percent and mound heights from bottom-dump placement are the greatest. For
this reason, the shallower portions of RASa (Phase 1, near the RA4/RA5 boundary)
will be capped first, followed by the deeper portions of RASa and RASb (Phase 2).
This approach will allow early identification of any landsliding problem in RAS,
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and minimize damage to downgradient capped areas of RA5 in the event of sliding.
Also, where Phase 1 of RA5a can be completed prior to construction of RA4,
Phase 1 of RA5a will serve as a "buttress" to help support the RA4 cap. Thus,
Phase 1 of RA5a will be constructed from east to west.

11.2 CONSTRUCTION SCHEDULE

Figure 11-1 presents the target construction schedule for implementing the remedy for the MSU.
Construction of the remedy is estimated to be completed in 2006.

As noted in Section 2.6, the schedule has been developed with consideration of the fish windows
identified by the Natural Resource Trustees in the course of ESA consultation.

For construction in RA1 through RA4, it is stressed that the target construction schedule has been
developed using experience in production rates for similar work at other sites, assumptions
regarding the number of working shifts and operations underway at any given time, and best
professional judgement. One 12-hour working shift per day, Monday through Friday, was
assumed for RA1, RA2a, RA2b, and RA3. Two working shifts per day were assumed for RA4.
With these assumptions, and with the currently scheduled procurement process and mobilization
dates, it is estimated that RA1 through RA4 can be completed by February 13, 2005. Contractors
bidding the work will propose their own schedules, and will develop detailed schedules in their
RAMP submittal. The actual schedule may vary depending on the means and methods the
contractor uses.

Placement of dredged cap material in RA5 can be accomplished as quickly as suitable material
becomes available. The RA5 schedule assumes that USAGE dredging in the Duwamish River,
Snohomish River, and Swinomish Channel all occur as currently projected by USAGE, and that
all suitable, sandy material that meets the PSR dredged cap material specifications can be diverted
to PSR. Delays in these dredging projects, differing conditions of the dredged material, or
competing demands on these resources may significantly delay the completion of the RA5 cap.
Conversely, suitable material that may become available from other non-USACE projects could
beneficially affect the schedule.

Certain elements of the work in RA1 will be tidally-sensitive, such as final grading of the
intertidal cap surface and placement of large woody debris. The contractor's schedule (submitted
in the RAMP) will indicate the daily work windows during which these activities will occur.
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11.3 ENGINEER'S COST ESTIMATE

The Final Engineer's Cost Estimate is being prepared separately and will be submitted under
separate cover.
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FIGURE 11-1
PROPOSED CONSTRUCTION SCHEDULE

ID
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Task Name Duration Start Finish

2003 FISH WINDOW (ESA) (See Note 1) 152.38 edays Fri 2/14/03 Wed 7/16/03

2003 CONSTRUCTION WINDOW (ESA) 211 edays Thu 7/17/03 Fri 2/13/04

2004 FISH WINDOW (ESA) (See Note 1) 153 edays Sat 2/14/04 Fri 7/16/04

2004 CONSTRUCTION WINDOW (ESA) 21 1 edays Sat 7/17/04 Sun 2/13/05

2005 FISH WINDOW (ESA) (See Note 1) : 152 edays : Mon 2/14/05 Sat 7/16/05

2005 CONSTRUCTION WINDOW (ESA) 21 1 edays Sun 7/17/05 Mon 2/13/06

COMPLETE FINAL DESIGN 0 days : Fri 2/28/03 Fri 2/28/03

USAGE CONTRACTOR PROCUREMENT ; 118 edays Sat 3/1/03 Fri 6/27/03

USAGE CONTRACT AWARD /NOTICE TO PROCEED j 0 days Fri 6/27/03 ; Fri 6/27/03

RAMP SUBMITTAL/ APPROVAL (See Note 14) ' 92 edays Mon 6/30/03 . Tue 9/30/03

2003 CONSTRUCTION MOBILIZATION 14 edays Wed 9/17/03 Wed 10/1/03

2004 CONSTRUCTION MOBILIZATION . 14 edays Fri 7/2/04 Fri 7/16/04

2005 CONSTRUCTION MOBILIZATION 14 edays : Sat 7/2/05 Sat 7/16/05

PILING REMOVAL - BY OTHERS (See Notes 3. 7) 47.38 edays i Fri 8/15/03 ; Wed 10/1/03

RA1 CAP CONSTRUCTION (See Notes 2, 3, 9, 12, 13) 134 edays i Thu 10/2/03; Fri 2/1 3/04

EXTEND LONG FELLOW CREEK OUTFALL 103 edays . Sun 11/2/03 Fri 2/13/04

i [

RA2a CAP CONSTRUCTION (See Notes 9. 12, 13) 45 edays '• Tue 8/17/04 Fri 10/1/04

RA2b CAP CONSTRUCTION (See Notes 9, 12", 13) 30 edays ' Sat 10/2/04 : Mon 11/1/04

RA3 DREDGiNG (See Notes 4, 8) 30 edays : Thu 10/2/03: Sat 11/1/03

! •

RA3 CAP CONSTRUCTION (See Notes 4, 9, 12, 1 3) 30 edays ; Sat 7/1 7/04 Mon 8/1 6/04

RA4 CAP CONSTRUCTION (See Notes 9, 12, 13) . 103 edays . Tue 11/2/04 : Sun 2/13/05

RA5 CAP CONSTRUCTION - PHASE 1 (See Notes 9, 10) ; 21 1 edays Sat 7/17/04 Sun 2/13/05

RA5 CAP CONSTRUCTION - PHASE 2 (See Notes 9, 1 1 ) 21 1 .38 edays Sun 7/1 7/05 Mon 2/1 3/06

Project:
PSR CONSTRUCTION SCHEDULE
Date: Tue 1/28/03
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Figure 11-1 (Continued)
Proposed Construction Schedule

NOTES FOR PROPOSED CONSTRUCTION SCHEDULE

The following notes and assumptions are associated with the proposed construction schedule.

1. The fish window, during which capping is not allowed, is between February 14 and July
16 (based on ESA) for all areas. The fish window, during which dredging and piling
removal are not allowed, is between February 14 and August 16.

2. RA1 must be completed as quickly as practical to achieve habitat enhancements.

3. Removal of existing piles in RA1 must precede cap construction in RA1 (see Note 7).

4. Dredging in RA3 must precede construction of the cap in RA3 and adjacent parts of RA2a.
The construction window for dredging is between August 17 and February 13.

5. RA3 cap construction will immediately follow completion of cap construction in RA1.

6. Assume 1 month equals 20 working days. Round all months up to the nearest 0.5 month.
Assume a minimum duration of 1 month.

7. Assume a total of 600 piles will be removed at a rate of 30 piles per day. Assume piling
removal must be completed outside the ESA fish window.

8. The dredge volume in RA3 is approximately 10,000 cubic yards. Assume an average
dredging rate of approximately 600 cubic yards/day based on difficulties associated with
work around the Crowley Pier. RA3 dredging duration equals 17 days, plus 7 days for
survey and possible re-dredging, 1 month total duration.

9. Assume only one operation placing upland material at any given time. Assume one shift
per day for all areas except RA4 (see Note 12). Assume placement of dredged material in
RA5 is independent of other cap construction.
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Figure 11-1 (Continued)
Proposed Construction Schedule

10. No dredged material is known to be available in 2003. During 2004, material is placed
concurrently in RA5 from the following sources. Material could be available at any time
during the 6-month dredging window.

• 38,000 cubic yards placed from Duwamish, at same rate as dredged (62,000 cubic
yards/month);

• 35,000 cubic yards placed from Swinomish, at same rate as dredged (32,000 cubic
yards/month).

11. During 2005, material is placed from the Snohomish Upstream Basin in RA5 at same rate
as dredged (228,000 cubic yards/month). Material could be available at any time during
the 6-month dredging window.

12. Assume average cap placement rates for upland material as follows.

• Sand cap mix: 2,000 cubic yards/day for all applicable areas other than RA4.
Assume a reduced rate of 1,300 cubic yards/shift for RA4, to account for steeper
slopes. Assume two shifts per day or 2,600 cubic yards/day for RA4.

• Coarse sand mix: 2,000 cubic yards/day for all applicable areas.

• Gravel mix: 2,000 cubic yards/day for all applicable areas.

• Filter layer: 1,000 cubic yards/day for all applicable areas. Reduced rate accounts
for placement and grading on relatively steep slopes as part of revetment
construction.

• Rip rap: 500 cubic yards/day for all applicable areas. Reduced rate accounts for
careful placement required for revetment construction.

• Fishmix: 1000 cubic yards/day for all applicable areas. Reduced rate accounts for
difficulty associated with placement over rip rap on revetment.
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Figure 11-1 (Continued)
Proposed Construction Schedule

13. Upland material cap volumes (including contingency) and approximate duration of cap
construction at assumed placement rates (see Notes 6 and 12) for each RA are as follows.

• RA1 cap volume is approximately 96,000 cubic yards, including sand cap mix,
gravel mix, filter layer, rip rap and habitat mix. Total duration is approximately
4.0 months, based on 1 shift per day.

• RA2a cap volume is approximately 43,000 cubic yards, including sand cap mix
and coarse sand. Total duration is approximately 1.5 months, based on 1 shift per
day.

• RA2b cap volume is approximately 18,000 cubic yards of sand cap mix only.
Total duration is approximately 1.0 month, based on 1 shift per day.

• RA3 cap volume is approximately 8,000 cubic yards of sand cap mix and gravel
mix. Total duration is approximately 1.0 month, based on 1 shift per day and
allowance for decreased productivity near Crowley.

• RA4 cap volume is approximately 160,000 cubic yards of sand cap mix only.
Total duration is approximately 3 months, based on 2 shifts per day.

14. It is assumed that USAGE will direct the Contractor to test, sample, and analyze proposed
cap materials following submittal of the Draft RAMP, so that materials can be approved
without delaying capping activities.
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APPENDIX A

EROSION ANALYSIS

A.1 INTRODUCTION

This erosion analysis of the sediment cap considers the effects of water movement over the
surface of the cap, including natural currents and propeller wash. The potential for other erosive
mechanisms, such as subaqueous mass wasting (because of seismic loads, for example) are
discussed in Appendix C.

Erosion can result from natural currents caused by winds, waves, tidal fluctuations, propeller
wash, and other forces. Each of these mechanisms will induce water velocities at the surface of
the cap with the potential to move the sediment particles used in the cap. This analysis evaluates
the average particle size needed to resist the erosive forces expected at the site.

In general, one erosive mechanism is the controlling factor for design of the average particle size
required for each area of the Marine Sediment Unit (MSU). For example, in the area around the
Crowley Marine pier, propeller wash is the controlling erosive mechanism because higher water
velocities are generated by propeller wash in this area than by currents. In the intertidal and
shallow subtidal zones, away from vessel traffic, wind-generated wave action is typically the
controlling erosive mechanism.1 In deeper water, ambient currents control the potential for
erosion.

Wind is the primary cause of waves and currents. The location of the MSU within Elliott Bay
results in a great degree of protection from the prevailing winds and a relatively short fetch,
compared to locations within greater Puget Sound. In particular, the PSR site is in the lee of the
topographic high of West Seattle, with regard to the prevailing southwesterly winds. There is,
however, a relatively narrow window (315° to 330° true azimuth) through which waves
generated over a long fetch extending from Bainbridge Island may impinge on the site. Waves
and currents generated over this fetch control the erosion design in the nearshore areas of RA1.

'Based on input from Crowley, vessel traffic is not significant in the eastern portion of RA2. This erosion
analysis does not consider potential future changes to waterway use that may increase propeller wash effects.
Significant future changes in vessel traffic could necessitate future maintenance, such as additional placement of
armor materials.
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As reported in the pre-design investigation data summary (USEPA 2002a), currents were
measured directly at two locations, one deep (CM-2) and one shallow (CM-1), within the area to
be capped. Current data were collected over the time period September 7,2001, to October 8,
2001, at 10-minute intervals. Data collected for use in this analysis included bottom-current
speed and direction. Low bottom current speeds were measured, with mean speeds of 2 to
3 cm/sec. Current direction is highly variable and determined largely by tidal cycles.

Data for the evaluation of propeller wash erosion included the characteristics of the vessels using
the Crowley Marine pier, the designated areas of vessel operation, the minimum water elevation
in the area of the pier (-4 feet mean lower low water [MLLW] at extreme low tide), and the
expected final bottom configuration after placement of the cap. Information regarding vessel
characteristics and operating areas was obtained from Crowley Marine Services, who operate the
largest vessels (heavy conventional tugs) using the pier.

A.2 SUBTIDAL AREAS (RA2b, RA4, RA5)

For the purposes of the erosion analysis, the subtidal areas of the MSU are defined as those areas
outside the customary area of tug operation (as shown on Figure A-l) and at elevations at or
below -19 feet MLLW. In these areas, the primary erosion mechanism is ambient current. To
analyze erosion from ambient currents, the 99.9th percentile of the measured current speed from
the current meter data was calculated and found to be 12 cm/sec for CM-2 and 8.7 cm/sec for
CM-1. The 12 cm/sec velocity is below the threshold velocity for initiation of sediment motion,
even for fine-grained sediments in shallow water (Palermo et al. 1998). The Puget Sound
Dredged Disposal Analysis (PSDDA) Disposal Site Selection Technical Appendix reports that,
based on empirical data, "the threshold speed [for resuspension of fine sediment] in Puget Sound
apparently increases from 25 cm/sec for newly deposited materials to approximately 50 cm/sec
after the material has been in place for some time" (USACE 1988). As discussed below, the
current meter data were further evaluated to assess whether the measured current speeds are
representative of maximum current speeds that could occur throughout the year at the site.

The potential direct effects of wind on currents at the site were evaluated by correlating the wind
data to the current data. Measurements of wind speed and direction were obtained for the time
period January 1999 through December 2001 from a wind measurement station operated by the
Puget Sound Clean Air Agency. The wind station is located at 4752 E. Marginal Way South,
approximately 2 miles southeast of the site. Although this wind station is inland of the site, it is
situated at a similar low elevation, somewhat protected from the prevailing winds. The wind
data used consisted of 1-hour averages of wind speed. Wind speeds that are sustained for less
than one hour (such as instantaneous peak winds) do not generate substantive wave and current
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action that could cause erosion. Scatter plots of current speed versus wind speed for equivalent
times are included in Attachment A-l to this appendix. The correlation factor between current
speed and wind speed was 0.02 for current meter CM-1 and 0.04 for current meter CM-2. The
low values of these correlation factors indicate no significant correlation between current speed
and wind speed. The maximum 1-hour average wind speed recorded during the period January
1999 through December 2001 was 27 miles per hour. The maximum 1-hour average wind speed
recorded during the 1-month deployment of the current meters was 11 miles per hour. Although
stronger winds may occur during storm events, there is no correlation between current speed and
wind speed and thus no indication that significant bottom currents would be induced during
storm events. This result is consistent with the highly sheltered location of the site, within a
protected embayment.

The potential for periodic site-wide current fluctuations was evaluated by correlating the data
from the current meters with one another (see scatter plot in Attachment A-l). The correlation
factor between the two data sets was 0.08, indicating no significant correlation. The possibility
of a time lag between the response of the shallow and deep current meters to site-wide current
fluctuations was also evaluated. The data from the deep current meter was shifted 30 minutes
later than the data from the shallow meter, and the correlation coefficient between the resulting
data sets was calculated. The deep current meter data was then shifted in 30-minute increments
until the total time shift between the data sets was 120 minutes. The correlation coefficient was
calculated for each 30-minute shift. To achieve a comprehensive evaluation, the reverse shift
was also performed, with the data from the shallow current meter shifted in 30-minute
increments later in time relative to the deep current meter data, hi all cases, the greater the time
lag introduced between the two data sets, the smaller the correlation coefficient.

The lack of significant correlation between the data sets from the deep and shallow current
meters indicates that periodic site-wide current fluctuations are not present on the site. Overall,
the correlation analysis between the two current meter data sets and between the current meter
data and the wind data indicate that the bottom currents at the site are relatively independent of
wind speed and direction, and are not controlled by site-wide oscillations. Based on this
conclusion, the 99.9th percentile maximum current speed actually measured (12 cm/sec) was
used to evaluate the cap material characteristics required to minimize erosion.

A screening-level analysis was used to assess the need for sediment grain size restrictions to
resist erosion in subtidal areas. USAGE guidance (Palermo et al. 1998, Figure 25) shows that for
velocities below 20 cm/sec, fine-grained sediment is expected to be stable, even in shallow
water. The measured current velocities were also considered with respect to the sediment
transport diagram by Hjulstrom which compares particle size to water velocity required for
erosion, transportation, and deposition (Krynine and Judd 1957). On this diagram, a velocity of
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11 cm/sec is below the threshold for erosion for all particle sizes. The Hjulstrom diagram
indicates that limited movement of fine-grained sediments might be expected; however, erosion
is not expected.

This analysis indicates that even fine-grained cap material (silt and fine sand) will be adequate to
resist erosion in the subtidal areas. With the exception of the areas subject to propeller wash
(discussed below), no restrictions on cap material type in the areas below -19 feet MLLW are
required to resist erosion.

A.3 NEARSHORE AREAS (RA1)

For the purposes of the erosion analysis, the nearshore areas of the site are defined as those areas
outside the customary area of tug operation (as shown on Figure A-l) and at elevations between
+14.8 feet MLLW (corresponding to extreme high water) and -19 feet MLLW. The selection of
-19 feet MLLW was based on the wave-induced current analysis for nearshore waters, which is
described in this section. This analysis indicated that for water depths of more than 15 feet the
wind-generated, wave-induced bottom currents are below the threshold for initiation of motion
for all particle sizes. At an extreme low tide (-4 feet MLLW), 15 feet of water depth corresponds
to -19 MLLW, and thus -19 feet MLLW was selected as the lower bound of the nearshore area.

In the nearshore area, the primary erosion mechanisms are waves that are generated by wind and
wakes of passing vessels. These waves, in turn, cause currents that are capable of eroding the
seabed. The PSR site is subject to short-duration, wake-generated waves from vessel traffic
within Elliott Bay. However, wake-generated waves are not expected to induce higher bottom
currents than the wind-generated, wave-induced currents. The wake-generated waves do not
exhibit a substantially larger height than the wind-generated waves and are of much shorter
duration. Accordingly, wake-generated waves are not considered further in the erosion analysis.

Calculations of wind-generated wave characteristics were based on historical wind data and fetch
available for generating waves that would affect the project site. Using these as input data, wave
characteristics (height, period, and deep-water length) were calculated using ACES (Automated
Coastal Engineering System, Version 1.07e). Limitations to fetch width (due to adjacent
shoreline) were considered in accordance with ACES protocol.

A.3.1 Determination of Design Wind Speed

Only winds from northerly directions will generate waves of potential concern at the project site.
Direct exposure of the PSR site to waves generated in Puget Sound is through a narrow
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"window" that is defined by the angular sector from 315° to 330° true azimuth. A map of this
window is included in Attachment A-l. This window extends from the PSR site to the eastern
shoreline of Bainbridge Island, at distances that range from 7 to 22 statute miles (Table A-l).
While the overall exposure is as described above, the window of exposure for any given location
within the project site is somewhat less, ranging from only 5° on the west side to about 11° on the
east side.

While this "window" defines the direct exposure of the PSR site, there is also the concern that
waves generated by more northerly winds, such as those that damaged the Alki Avenue seawall
in 1990, could be refracted around West Point toward the mouth of Elliott Bay. Accordingly, the
analysis also included winds from 330° to 015°, through definition of three directional sectors,
each spanning 15° and with distinctly different fetch lengths. This analysis is described in
Section A.3.2.

A shorter fetch that is entirely within Elliott Bay and defined by the bay's northern shoreline was
also evaluated. However, winds and waves generated at PSR from this shorter fetch were found
to be of lesser magnitude than those generated by the longer fetches within Puget Sound. The
following analysis focuses on winds and waves that may be generated within the longer fetches.

The analysis was conducted using data from the NOAA West Point wind monitoring station.
These data consist of hourly observations during the 18-year period from 1984 through 2001.
Analysis of the 18 years of record from West Point included determination of maximum wind
speeds by year and cumulative frequency distributions of wind speed for each of the four sectors.
Maximum wind speeds of record and selected statistics for each sector are listed in Table A-2.

The results of the analysis indicate that winds from the 315° to 330° direction are relatively
infrequent, accounting for only 0.6% of all observations (911 of 144,820) and having speeds that
were generally lower than those from the other three sectors. Moreover, the low frequency of
observations from this sector is indicative also of the unsteadiness of winds from that direction, a
fact that is reflected in the directional data. Accordingly, the wind speed selected for
determination of the design wave was the 99th percentile value of all wind speeds from the 315°
to 330° sector, which is 11.3 m/s (25.3 mph). Selection of the 99th percentile value means that
winds of this speed and higher occurred 0.0063% of the time of record, or about 9 hours during
the 16.5 years of record.
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A.3.2 Determination of Design Wave

As noted above, the design wind speed was selected to be 11.3 m/s, or 25.3 mph. The geometry
of the 315° to 330° fetch was defined by radials extending from the project site at 3-degree
increments as listed in Table A-l. These data were provided to the ACES algorithm for
computation of the significant wave height and period, according to the wave prediction
equations for fetches of restricted width. Preliminary computations, using the same fetch-limited
wave equations utilized by ACES, indicated that the wind would need to be steady along the
longest fetch distance for nearly three hours to ensure that greatest wave energy would be
developed (i.e. "fully-developed" seas). Notwithstanding the unlikelihood of such steady winds
occurring, a three-hour duration was specified for the ACES computation to ensure fully-
developed seas for the design wind conditions with the following results:

• Significant wave height = 2.86 ft
• Significant wave period = 3.49 s

To address the question of whether waves from the more northerly sectors (i.e., 330° to 015°)
might be capable of entering Elliott Bay due to refraction around West Point, significant wave
heights and periods corresponding to the maximum wind speed of record for each of the three 15€

sectors were calculated with the wave prediction equations used by ACES for the maximum
fetch available in each sector (Table A-3).

For waves to be susceptible to refraction, they must be long enough to be affected by the seabed.
This occurs when waves enter water that is shallower than about one-quarter of their deep-water
wave length. Using this practical criterion, even the longest waves of concern (from 345° to
360°) will not be susceptible to refraction until they enter water shallower than about 40 ft depth.
A careful examination of the bathymetry around West Point shows that, for all northerly
directions, water depths are greater than 40 feet within 200 feet of the point. This means that
even the largest waves that might be generated by winds from those directions would "feel
bottom" only within 100 to 200 feet of West Point and any refraction would be very localized
with effects limited to the immediate area. Accordingly, refraction of waves from these
directions into Elliott Bay was eliminated as a concern.

A.3.3 Estimation of Wave-Induced Seabed Currents

Linear wave theory2 was utilized to calculate the seabed current speed induced by the design
wave as it approaches the shoreline. The design wave has a deep-water wave length of 62 feet,

2 See, for example, Lamb (1945), Ippen (1966), Milne-Thomson (1969), or Dean & Dalrymple (1984)
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so it will begin to shoal (i.e. "feel bottom") as it enters water depths less than 20 feet. The
shoaling process causes a steady reduction in wave length and an alteration of wave height that
consists first of a decrease of about 10 percent, followed by a steady increase to breaking height.
In general, waves will break when the height exceeds about 75 percent of the local water depth.

Table A-4 lists height, length and other parameters for the design wave as it approaches shore.
Bottom current is also shown for depths from 50 feet to 3.5 feet, at which point the wave is
presumed to break. From 3 feet depth into shallower water, the bottom current is estimated as the
celerity of a solitary wave, which is a function only of water depth. The maximum bottom
current speed, which occurs at a water depth of 3 feet, is 300 cm/s. At extreme low water
conditions, a water depth of 3 feet corresponds to a seafloor elevation of-7 feet MLLW.

A.3.4 Aggregate Size to Resist Erosion in Nearshore Areas

The aggregate size required to resist any motion in nearshore areas was estimated using the
procedure described in USAGE engineering manual EM 1110-2-1601. Based on Plate 2-28,
"Noncohesive Sediment Gradation and Permissible Velocity" (USAGE 1994), for a maximum
bottom current speed of 300 cm/s (9.8 ft/s), a grain size of about 7 inches (about 200 mm) is
indicated to resist any motion.

The aggregate size required to resist motion was also estimated using the Shields parameter
(Dean and Dalrymple 2002). For a maximum bottom current speed of 300 cm/s, an average
grain size (D50) of 1.9 inches (49 cm) is indicated. Derivation of the relationship between D50

and current speed and a table of D50 required to resist motion as a function of current speed are
shown in Attachment A-l.

Before the wave breaks, the maximum bottom current speed is predicted to be 119 cm/s (4 ft/s).
For this current speed, the estimated grain sizes required to resist motion are coarse sand (2 to
4.75 mm) and 7.5 mm using the USAGE (1994, Table 2-5) and Dean and Dalrymple (2002)
methods, respectively.

The estimated wave-induced bottom currents in the nearshore and very nearshore area imply that
a fine-grained gravel material could be used to construct a relatively gently sloping cap in these
areas, however, some motion of gravels will be induced from waves generated by relatively rare
wind events at elevations above -7 feet MLLW. The fact that the gravel is subject to motion by
waves indicates that a gravel cap in nearshore areas must be designed to specific slopes to
approximate the natural profile of a beach. Such a beach will be subject to cross-shore sediment
transport. A further evaluation of cross-shore sediment transport and allowable intertidal slopes
(presented in Section A.6) also indicates that gravels will be required in the intertidal area.
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As shown in Table A-4, seabed current speeds are less than 30 cm/sec for all cases in water
depths of 15 feet (seabed elevations of-19 feet MLLW and lower) or more. For current speeds
less than 30 cm/sec, material with a D50 of 1.0 mm (in the medium-grained sand range) should
resist motion even in very shallow water. Even the relatively low current speeds of 30 cm/s at -
19 feet MLLW would only occur as a result of an improbable combination of a very rare wave
condition and extreme low water conditions.

The nearshore cap design east of Station 18+00 includes a slope break at -10 feet MLLW. Above
-10 feet MLLW the slope is 1V:7H, and below -10 feet MLLW the slope is 1V:4H. At extreme
low water, -10 feet MLLW would correspond to a water depth of 6 feet. At 6 feet water depth,
the bottom current resulting from the design wave is 77 cm/s. For this current speed, the
estimated grain sizes required to resist erosion are coarse sand (2 to 4.75 mm) and 3 mm using
the USAGE (1994, Table 2-5) and Dean and Dalrymple (2002) methods, respectively.
Consequently, the gravels that comprise steeper slope below -10 feet MLLW will be stable
against wave-induced motion, and are not subject to cross-shore sediment transport.

A.4 PROPELLER WASH ANALYSIS (RA2a, RA3)

The propeller wash analysis was conducted to evaluate cap material requirements to resist
erosive forces associated with operations around the Crowley Marine Services pier. This
analysis followed EPA and USAGE guidance (USEPA 1998, Appendix A) for calculation of
propeller jet velocities and resulting maximum bottom velocities. Calculations are included in
Attachment A-1.

A.4.1 Vessel Characteristics and Calculated Velocities

In the area around the Crowley Marine pier, the most substantial erosive force is propeller wash
from tugs operating around the pier. The areas of tug operations are shown in Figure A-l. Two
classes of tugs were used as worst-case representative vessels for the propeller wash erosion
analysis. Vessel characteristics used for the analysis were provided by Crowley Marine Services,
who operate the largest tugs in the area. The vessel characteristics are summarized in
Attachment A-l.

Crowley's Invader-class conventional line-haul tugs operate in deeper water near the pier, rarely
approaching the pier head closer than 300 feet. Crowley's Robin-class conventional harbor tugs
operate up to the pier head itself. For this analysis, tugs using conventional, rather than
cycloidal, propulsion systems were used as a worst case. Similarly sized cycloidal tugs may be
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used at the site, but typically generate water velocities higher in the water column, and thus
produce lower bottom velocities and less erosion.

The worst-case scenarios considered for each of the two representative vessels assumed an
extreme low tide, -4 feet MLLW, resulting in the shallowest water possible below the tug
propeller and thus the greatest bottom velocity.

Assuming that the final grade of the cap approximates the existing bottom profile within the area
of tug operation, the maximum bottom velocity at the pier head is estimated at 6 ft/sec
(183 cm/sec). This bottom velocity would be produced by a harbor tug maneuvering at the pier
head in 16 feet of water (the draft of these tugs is 16 feet). A line-haul tug maneuvering in
31 feet of water (the minimum depth in the area in which these tugs are customarily used near the
pier—the draft of these tugs is 19 feet) would produce a maximum bottom velocity of
approximately 3.5 ft/sec (107 cm/sec).

A.4.2 Approach for Determining Grain Size Requirements for Propeller Wash

Based on the calculated bottom velocities, USAGE guidance was used to determine appropriate
particle sizes for propeller wash erosion resistance. Because the maximum bottom velocities
calculated were relatively low, riprap is not needed to resist propeller wash and the stone-sizing
equation provided in the EPA guidance (USEPA 1998, Appendix A) does not appear to be
applicable. The stone-sizing equation in this reference appears to be based on vessels
maneuvering within channels, rather than within relatively open harbors, and anticipates a result
of riprap-size stone. Use of this equation tended to result in D50 values for the armor material on
the order of 0.8 to 2.25 feet, which is inconsistent with the existing substrate in the area. The
logs of borings in the dredge area (USEPA 2002, Appendix C) indicate that the substrate in this
area consists of soft silty sand, although it is acknowledged that this material may be periodically
disturbed by propeller wash.

Riprap is required for slope stability in some areas, due to constructed grades. The analysis for
sizing of riprap and filter material is described in Section A.5.

As an alternative to this equation, the maximum bottom velocities were compared to USAGE
engineering manual EM 1110-2-1601, Table 2-5, "Suggested Maximum Permissible Mean
Channel Velocities" (USAGE 1994). From to this table, a velocity of 6.0 ft/sec (183 cm/sec) is
permissible for a bottom material consisting of fine gravel (typically defined as material with a
grain size of 4.75 mm to 19 mm). Coarse sand (2.0 mm to 4.75 mm) is appropriate for areas
with bottom velocities of 4.0 ft/sec (122 cm/sec) or less. Fine sand or sandy silt is appropriate
for areas with bottom velocities less than 2.0 ft/sec (61 cm/sec). This latter criterion is consistent
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with the USAGE'S observations of fine material movement in Puget Sound (USAGE 1988),
which defined a threshold speed of 50 cm/sec for resuspension of fine material.

As an additional check, calculations based on use of the Shields parameter (Dean and Dalrymple
2002) were made to estimate the D50 values required to resist motion at velocities greater than the
threshold speed of 50 cm/sec. These calculations, shown in Attachment A-l and summarized in
Table A-4, give similar results to the above referenced table, although they tend to give a slightly
larger D50 value for a given bottom velocity.

Materials specifications consider both of these procedures. It is recognized that materials with an
appropriate grain size distribution will "self-armor" on the surface, as the smaller particles are
removed by erosive forces and larger particles remain on the surface.

A.4.3 Results of Propeller Wash Analysis

To delineate the areas where different materials are required to resist propeller wash erosion,
calculations were performed (Attachment A-l) to identify the depth at which the maximum
bottom velocity equaled key permissible velocities in the USAGE engineering manual EM
1110-2-1601. For the harbor tug scenario, the maximum bottom velocity drops to 4.0 ft/sec
(122 cm/sec, the permissible velocity for coarse sand) when the tug is maneuvering in areas with
a bottom elevation of-23 feet MLLW or deeper. For the line-haul tug, the maximum bottom
velocity drops to 2.0 ft/sec (61 cm/sec, the permissible velocity for fine sand or sandy silt) when
the tug is maneuvering in areas with a bottom depth of -49 feet MLLW or deeper.

The effects of propeller wash from maneuvering tugs extend beyond the area of actual operation
of the tugs. The bottom velocities resulting from propeller wash are dependent on the distance
from the operating tug and the depth of water. Calculations, included in Attachment A-l, were
performed to evaluate the distances from operating tugs where bottom velocities dropped below
key permissible velocities. The conservative scenario for this analysis is a tug operating near the
eastern boundary of the tug operation area, with its propeller wash directed at the shoreline. For
this scenario, bottom velocities were calculated for a 1-foot water depth (which equates to an
elevation of-5 MLLW at extreme low tide). In addition to this scenario, selected combinations
of water depth and distance were used in the calculations, based on the actual configuration of
the harbor floor near the area of tug operations. The water velocities calculated for various water
depths and distances from tug operation were then used to delimit the areas where different
materials are required to resist propeller wash erosion beyond the area of actual operations.

The results of the propeller wash erosion analysis indicate that two different cap materials are
required in zones near the pier head. Fine-grained gravel (4.75 mm to 19 mm) is required in
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shallow areas within the zone of tug operation and within 150 feet of the zone of tug operation
(to -25 feet MLLW within and very near tug operations, and to within -15 feet MLLW in
shallow areas slightly further from operations). Coarse sand (4.75 mm to 2.0 mm) is required in
the deeper zone of rug operation, from -25 feet MLLW to -50 feet MLLW, and at these depths
within 300 feet of the tug operation area. In areas farther than 300 feet of tug operation, or with
bottom elevations deeper than -50 feet MLLW, there are no restrictions on cap material type
based on the propeller wash analysis.

The results of the propeller wash erosion analysis are summarized in Table A-4. The areas where
different grain-size cap materials are required based on the erosion analysis as a whole are
summarized in Table A-5 and shown in Figure A-2. It is noted that the gravels required for
erosion resistance may have an effect on the types of benthic organisms that recolonize this area.

A.5 RIPRAP AND FILTER LAYER DESIGN

Riprap revetments were designed in general accordance with the U.S. Army Corps of Engineers,
"Design of Coastal Revetments, Seawalls, and Bulkheads - Engineer Manual", 30 June 1995.

A.5.1 Riprap Design

Armor unit stability was addressed through calculation of the minimum weight that 50% of the
stones must equal or exceed (W50min). The W50min was calculated to be approximately 270
pounds, based on a design wave height of 2.9 feet. Approximate sizing limits were established
based on the calculated W50min, and in accordance with USAGE guidelines. These limits, along
with engineering judgement, were used as guidance for selection of an appropriate riprap
specification.

Subject to the additional requirements listed following, the WSDOT 9-13.1(2) Light Loose
Riprap specification was found to be suitable for this application.

• At least 50% of the stones shall have a weight greater than 300 Ibs (i.e. W50min >
300 Ibs);

• The riprap must be placed such that there is a well graded distribution of various
stone sizes through the revetment;

• The maximum stone size shall be limited to 1,000 Ibs (i.e. WIOOmax = 1,000 Ibs);
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The minimum riprap layer thickness was calculated, based on the design wave height and armor
unit stability calculations, to be approximately 30 inches. Based on this calculation, the riprap
layer thickness was designed at a minimum 24 inches plus an over-placement allowance of 12
inches. Assuming that, on average, half the over-placement allowance is placed, the net layer
thickness will achieve the minimum requirement of the USAGE guidance.

A.5.2 Filter Layer Design

The gradation recommendations of the USAGE guidance are considered critical in areas where
the riprap revetment will be within the tidal zone and potentially exposed to wave action. In
these applications, the filter layer must be fine enough to prevent the underlying sand cap mix
from being washed through the riprap and coarse enough to prevent the filter layer itself from
being washed through the riprap. In applications where the riprap revetment will be installed
below the tidal zone, use of a 2 !/2 inch crushed rock is considered acceptable.

Gradation requirements for the filter layer that will underlay riprap revetments constructed within
the tidal zone were calculated based on the sizing limits recommended by the USAGE guidance.
Stone weights were related to stone diameters by either: the USAGE equation for armor
thickness, assuming the number of units in the layer (n) was equal to 1; or, assuming the stone
was a sphere. The filter layer minimum D85 was calculated to be between 0.26 feet and 0.33 feet.

The only commonly available product that has a D85 equal to or greater the range recommended
by the USAGE guidance is WSDOT 9-13.6 Quarry Spalls. However, while the quarry spalls
would be coarse enough to prevent them from being washed through the riprap, they would not
contain sufficient fines to prevent the egress of the sand cap mix. Construction of a second, thin
filter layer, below the quarry spalls, that would prevent the escape of the underlying sand cap mix
would be difficult to construct an the underwater environment and is considered impractical.
Therefore, a compromise approach was adopted by specifying a blended material whose
gradation would provide both particles that are large enough to prevent it from being washed
through the riprap, but fine enough to contain the underlying sand cap mix.

The minimum thickness of the filter layer recommended by the USAGE guidance is 3 times the
median stone diameter. The minimum layer thickness was conservatively calculated, based on
the D85 calculated above and not the median stone diameter, to be between 0.8 and 1.0 feet.
Therefore the design filter layer thickness of 18 to 24 inches is adequate.
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A.6 CROSS-SHORE SEDIMENT TRANSPORT AND ALLOWABLE INTERTIDAL
SLOPES (RA1)

The equilibrium profile of a beach is the result of the long-term balance offerees acting on the
beach. A wealth of empirical research on this topic has indicated that the equilibrium profile of a
beach can be represented by a power law relationship such as

H(x)= Axm

in which H(x) is local depth, as a function of distance x from shore. The coefficient A appears to
depend mostly (although not entirely) on beach sediment grain size, while the exponent m varies
between about 0.5 and 0.8, with a mean value of about 0.66 (Dean and Dalrymple 2002).
Recommended values of A for sediment grain sizes from 0.1 to 1.1 mm were tabulated by Dean
et al. (1994). USAGE guidance adopts this approach and further defines correlations and
empirical data for determination of A based on grain size (USAGE 1995, 2002).

Setting m = 2/3 (i.e., the mean value of 0.66) in Equation (2), and then differentiating with
respect to x, the following expression is obtained for seabed slope as a function of distance x
from shore:

Slope = dH/dx = [(2/3) A x~1/3 ]

Assuming various mean particle diameters, the above equations were used to compute the
idealized seabed elevations and slopes at 10-foot intervals to a distance of 100 feet from the
shoreline. To obtain a maximum slope specification for a given sediment grain size, the
calculated net change in elevation over the first 50 feet from the shoreline was used.
Attachment A-l shows these calculations for the various cap material grain sizes.

As described in Section A.3, a fine-grained gravel (D50 of 4 to 20 mm) would resist erosion from
wave-induced currents for all but the most severe events. Assuming a D50 in the middle of this
range (12 mm), the calculated maximum permissible beach slope is 1 V:7H. To add a factor of
safety, a D50 of 18 mm should be used.
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A.7 SUMMARY

The erosion analysis indicates certain restrictions on cap material types will be required in some
RAs to resist erosion of the newly placed cap. These restrictions, summarized in Figure A-3, are
expressed as D50 requirements and indicate the need for:

• Gravels in the intertidal zone (RA 1) where shallow slopes are used;

• Specific riprap and filter materials in RA1 for thick slope caps constructed to
steep slopes;

• Coarse sand and gravels in subtidal areas affected by propeller wash (RAS and
portions of RA2a)

No restrictions on materials types are needed to resist erosion in RA4, RAS, or RA2b. Allowable
slopes for material stability affect the final grades and materials specifications of the intertidal
cap in RA1. Waves generated by rare storm events may result in some erosion (and associated
maintenance requirements) of gravels used in the intertidal areas of RA 1.
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Table A-l
Geometry of the "Long Fetch": Directions and Lengths of Fetches to PSR Site

'. Fetch Direction -1
p (beg: True Ai.).

315°
318°
321°
324°
327°
330°

:i - Fetch Length ,:.:.̂  -.-i:
;; V' 3 (statute fiiiles)r ^ -

14.8
15.2
16.5
22.0
20.7
6.9

::;-.:' _ • . " " , - L^ r : - , . -"_A: •::"•_.{.;« -v.--"-':v "X~-- 'o->---
i ; : Fetch Limited By : ^ . - : ^ i ^ v

East shore - Bainbridge Island
East shore - Bainbridge Island
East shore - Bainbridge Island
South shore - Kitsap Peninsula near Indianola
South shore - Kitsap Peninsula near Indianola
West Point

Table A-2
West Point Wind Data: Some Results of Statistical Analysis

--V :•". -Speed '•'=,>:;'.-•
;>^. ;(im/s)-;^^:

Maximum
99th-percentile
98th-percentile
95th-percentile
Percent of all
observations from
this sector

~."~. ":. - = - ^ '-_'•• ;.,- "Directional Sector (degrees true azimuth) ;v : f.i-'v-i: -:•-.:•. ' - : •
•^•'$i5°y33>w-V'.:\

14.2
11.3
7.9
5.5

0.63

iV .; '330?-- 3.45° ,.\v

14.3
11.3
10.4
8.5
1.8

345?- 360°;. '"•"

18.8
12.5
11.4
9.4
4.4

-. 1360?:- 015* i"

16.7
9.8
9.0
8.1
10.0

(1) 315° - 330° sector is the design sector
Note:
Observations of wind data from period of 1984-2001.

Table A-3
Significant Wave Properties for Fully-Developed Seas

.---- ' • ' • • • • . - . ; . : ' - - — • . - . - • • - • ' - - • - - • : • ' • - . _ r _ :

• ' • ' • ' - . " . " '• - - CL'~ -- .T '"-- . ' - "J-: . ..I-v .;":-":-

Maximum fetch
Maximum wind speed
Significant wave height
Significant wave period
Deep-water wave length

Design -Sector'
i; 315H3306.

22 mi.
25.3 mph

2.86 ft
3.49s
62f t

:;.- ~; :Qther Secto«JExainined(-'?-:y'i-v-ii/V-
', 330!-:345°A

7 mi.
32 mph
2.6ft
3.4s
59ft

-345°-360?r:

22 mi.
41 mph

5.9ft
5.4s
149ft

•:V;36PM-01"§0--;L

19 mi.
37 mph
4.9ft
5.0s

128ft

(1) Fetches and wave characteristics evaluated at West Point, for consideration of refraction into Elliott Bay.
However, such refraction was not found to be a significant concern.
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Table A-4
Wave-Induced Bottom Currents

Wind
(mph)
25.3

Design Wave
H (ft) T (s)
2.86 3.49

L0 (ft)
62.4

Depth,
:--u-:;ftV:

>50
50
45
40
35
30
25
20
15
10
9
8
7
6
5
4

3.5
3
2
1

Height,
•:^f ftjyx ;

2.86
2.86
2.86
2.85
2.84
2.82
2.78
2.71
2.60
2.53
2.53
2.53
2.55
2.59
2.65
2.74
2.80

Length,

- v V-ft' : .:
62.4
62.4
62.4
62.4
62.3
62.3
62.0
61.3
59.4
54.6
52.9
51.0
48.6
45.8
42.5
38.6
36.3

- ~ Celerity j
" ft/S • " : ! •

17.9
17.9
17.9
17.9
17.9
17.8
17.8
17.6
17.0
15.6
15.2
14.6
13.9
13.1
12.2
11.1
10.4

vn(=cg/ey-
0.50

' 0.50
0.50
0.50
0.51
0.51
0.53
0.57
0.63
0.73
0.76
0.78
0.80
0.83
0.86
0.88
0.90

;•_-!• \ '_: :

^jc<=2pi/l)
0.101
0.101
0.101
0.101
0.101
0.101
0.101
0.102
0.106
0.115
0.119
0.123
0.129
0.137
0.148
0.163
0.173

H/D.;
-

0.06
0.06
0.07
0.08
0.09
0.11
0.14
0.17
0.25
0.28
0.32
0.36
0.43
0.53
0.68
0.80

Note: Wave breaks when H/D = 0. 75 (approx.)
Bottom current speed estimated as
celerity of solitary wave.

•:• Bottom •--
•', Current, cfii/s-

1
2
3
5
8
12
19
31
49
54
60
68
77
90
108
119
300
245
173
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Table A-5
Summary of Propeller Wash Analysis Results

VesseV(tug) ,

Harbor
Line-haul
Harbor
Line-haul
Harbor
Harbor
Line-haul
Line -haul
Harbor
Line-haul

.•Distance from
V.EdgeofTug ;

v.1 ', Operation; ; ,
.'''.'"• Area -.',,;" •

Withinb

Withinb

Within"
Within"
75 feet
150 feet
120 feet
150 feet
300 feet
300 feet

Depth of V
i\- •; Water' :' • :

• (feetV .'."."/-

16
31
19
45
1
1
1
1
1
1

.".'."Bottom',,';:-.."
Velocity . - . • • ' . ;

. , ; Elevation
,;(feetMLLWy

-20
-35
-23
-49
-5
-5
-5
-5
-5
-5

.Maximum Bottom
:',''' •''•'••'Velocity'.1 ' " • . ' •

.kft/secV-"

6.0
3.5
4.0
2.0
4.7
2.3
5.2
4.2
1.2
2.1

. ' ;',.!. ; '.' : .'

(cm/sec) .'

183
107
122
61
143
72
158
127
36
63

! ;Rec[uir,ed Cap Grain1 Size i
;' '-"'̂  !;':;;; ifaSAGE-' 19 94). :' • i; ' • ;; ;vi
•'•.' ' :'

;'V.,:'.",.fDi-|i;mm>'... ' ' - , : / • ;. ..,'.
4.75 to 19
2.0 to 4.75
2.0 to 4.75

No restriction
4.75 to 19
2.0 to 4.75
4.75 to 19
2.0 to 4.75

No restriction
No restriction

Required Cap Grain' Size .:
v ''^ean^etaLi^bl),^:':''

'" . , ' • (Dwrnm)'.': • • . ' ' . '

18
6
8
2
11
3
13
8

0.7
2

"At extreme low tide (-4 feet MLLW)
""Within" means that the calculation is for areas within the area of tug operation, as identified by Crowley Marine Services

Notes:
cm - centimeters
DJO - the 50th percentile grain diameter
ft - feet
MLLW - mean lower low water
mm - millimeters
sec - seconds
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Table A-6
Overview of Erosion Analysis Results by Area

' , , ' ,: ' ' ' • ' . . ' ' • ' ' • ' . '>

Remediation,. ;
Areas Affected :

RA2b, RA4, RA5

RA1

RA1,RA3

RA2a

RA1

RA1

RA2a

RA2b, RA4, RA5

- • • • > : • : , . . ' ; ; . ' , . :p v ..' :

f;',:. , iy Conditions; .

Subtidal

Intertidal

Shallow propwash,
within ops
Deep propwash,
within ops
Intertidal propwash,
near ops
Intertidal propwash,
farther from ops
Deep propwash,
near ops
Beyond substantial
propwash effect

• ' v ' v : ' : ; ; • : „ ; ' ' . •••.-.'::;• ••::':'-'>';.C .;'',:
.••;• • ' , . : , • ) , . • • ;• '.-• ;- •• " • .... . . .••: . ; •• • ; . ; , ' • ; • .

Area Definition ;• i ' i

Below -19 ft MLLW, > 300 from
tug operations
+ 14 ft MLLW to -7 ft MLLW

-7 ft MLLW to -25 ft MLLW,
within area of tug ops
-25 ft MLLW to -50 MLLW,
within area of tug ops
-7 ft MLLW to -1 5 ft MLLW,
within 150 ft of tug ops
-7 ft MLLW to -15 ft MLLW,
within 150 to 300 ft of tug ops
-15 ft MLLW to -50 ft MLLW,
within 300 ft of tug ops
Deeper than -50 MLLW or more
than 300 ft from tug ops

';'..' • • , ' • ' • ' , , . ' . ' ' : • *<

.Controlling "
Mechanism ; •

Ambient
current
Wave-induced
currents
Harbor tug

Line-haul tug

Both tug types

Line-haul tug

Line-haul tug

Line-haul tug

>; ;.!;;Max' • • : , . .

:-'nBpttpin-.:'-'
.'• Velocity; .-::;
!.:"(crri/sec):;;

12

300

183

107

183

122

106

Less than
61

•; v Required Gap
i:i. •• Grain 'Size''-1 ;.: • ; • .
:;VfUSAGEi:i;994y;-.'
' ' ' / , ; . I^D^'min).;,!,-!,

No restriction

200

4.75 to 19

2.0 to 4.75

4.75 to 19

2.0 to 4.75

2.0 to 4.75

No restriction

:: ''Required tap f !i:

:.:/..'. 'Graini Size!,.vii:v' j
!tD!ean ''et1aK|.2Q02): '
^'••..'(D^inijn),. :••;.:"

0.08

49

18

6

18

8

6

<1.9

Notes:
cm - centimeters
D50 - The 50lh percentile grain diameter
ft - feet
MLLW - mean lower low water

mm - millimeters
ops - operations
propwash - propeller wash
sec - seconds
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CM-1 Current Data Versus Wind Speed

0.07

0.06

4 6 8

One-hour Average Wind Speed (mph)

10 12

o CM-1 Data — Linear (CM-1 Data)

1 ofl Current versus wind charts.xls CM-1 vs Wind Chart 4/11/2002



CM-2 Current Data Versus Wind Speed
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CM-1 Vs CM-2 Comparison

0.25

0.00

0.02 0.04 0.06

CM-1 Speeds

0.08

* CM-1 Vs CM-2 Linear (CM-1 Vs CM-2 )

0.1 0.12
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PSR Superfund Site
Time-lag Comparison of Bottom Current Data

CM-1 (shallow) to CM-2 (deep)

Scenario
Real time (no time lag between CM-1 and CM-2 data)
CM-2 data shifted 30 minutes later in time relative to CM-1 data
CM-2 data shifted 60 minutes later in time relative to CM-1 data
CM-2 data shifted 90 minutes later in time relative to CM-1 data
CM-2 data shifted 120 minutes later in time relative to CM-1 data
CM-1 data shifted 30 minutes later in time relative to CM-2 data
CM-1 data shifted 60 minutes later in time relative to CM-2 data
CM-1 data shifted 90 minutes later in time relative to CM-2 data

Correlation
Coefficient

0.0772
0.0759
0.0710
0.0498
0.0454
0.0381
0.0067

-0.0154
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AUTOMATED COASTAL ENGINEERING SYSTEM
(ACES)

Version 1.07

PURPOSE

This note discusses a microcomputer-based software package that contains
reliable state-of-the-art solutions to various coastal engineering problems.

BACKGROUND

In 1986 the Coastal Engineering Research Center (CERC) recommended to the
Office, Chief of Engineers that an Automated Coastal Engineering System (ACES)
be developed to give Corps offices an interactive computer based design
capability in the field of coastal engineering. The recommendation was in
response to a charge by the Chief of Engineers, LTG E. R. Heiberg III, to the
Coastal Engineering Research Board, to provide improved design capabilities to
Corps coastal specialists.

CERC formed an internal technical committee to develop recommendations for
implementing an automated design System. This committee obtained input from
Corps field offices regarding the form and development procedures preferred for
the system. The information was obtained primarily from six regional workshops
conducted in July 1986 and attended by more than one hundred coastal
specialists.

Based on recommendations from the workshops, a Pilot Committee composed
primarily of Corps District and Division coastal specialists was formed in
September 1986 to guide development of the ACES. In addition an Automated.
Coastal Engineering Group was formed in February 1987 within CERC to implement

. its development .

INTRODUCTION

The ACES is a microcomputer-based design and analysis system in the field
of coastal engineering. The contents range from simple algebraic expressions
both theoretical and empirical in origin, to numerically intense algorithms
spawned by the increasing power and af fordability of computers. The methods in
the ACES range from classical theory describing wave motion, to expressions
resulting from tests with structures in wave flumps, and to recent numerical
models describing the exchange of energy from the atmosphere to the sea
surface.

ACES CONTENTS

The various methodologies included in ACES are called applications, and
are organized into categories called functional areas differentiated according
to general relevant physical processes and design or analysis activities. A
summary of the applications currently resident in the ACES is given in Table 1.

TABLE \
Current ACES Applications (Version 1.07)

Functional Area Application Name

Wave Prediction Windspeed Adjustment and Wave Growth
Beta-Rayleigh distributions
Extremal Significant Wave Height Analysis
Constituent Tide Record Generation

Theory Linear Wave Theory
Cnoidal Wave Theory
Fourier Series Wave Theory

http://chl.wes.anny.mil/software/cedas/gengr/aces/aces.html 11/18/2002



Wave Transformation Linear Wave Theory with Snell's Law
Irregular Wave Transformation (Goda's method)
Combined Diffraction and Refraction by a Vertical Wedge

Structural Design Breakwater Design Using Hudson and Related Equations
Toe Protection Design
Nonbreaking Wave Forces on Vertical Walls
Rubble-Mound Revetment Design

Wave Runup, Transmission, Irregular Wave Runup on Beaches
and Overtopping Wave Runup and Overtopping on Impermeable Structures

Wave Transmission on Impermeable Structures
Wave Transmission Trough Permeable Structures

Littoral Processes Longshore Sediment Transport
Numerical simulation of Time-Dependent Beach and Dune Erosion
Calculation of Composite Grain-Size Distribution
Beach Nourishment Overfill Ration and Volume

Inlet Processes A Spatially Integrated Numerical Model for Inlet Hydraulics

DESCRIPTION OF ACES APPLICATIONS

The various applications within the functional areas represent a number of
different methodologies of varying complexity. A brief description of each
application follows.

WAVE PREDICTION FUNCTIONAL AREA

Windspeed Adjustment and Wave Growth

The methodologies represented in this ACES application provide quick
and simple estimates for wave growth over open-water and restricted
fetches in deep and shallow water. Also, improved methods (over
those given in the Shore Protection Manual (SPM), 1984) are included
for adjusting the observed winds to those required by wave growth
formulas.

Beta-Rayleigh Distribution

This application provides a statistical representation for a shallow
water wave height distribution. The Beta-Rayleigh distribution is
expressed in familiar wave parameters: Hmo (energy based wave
height), Tp (peak spectral wave period), and d(water depth). After
constructing the distribution, other statistically based wave height
estimates such as Hrms, Hmean, Hi/10 can be easily computed. The
Beta-Rayleigh distribution features a finite upper bound
corresponding to the breaking wave height, and the expression
collapses to the Rayleigh distribution in the deepwater limit. The
methodology for this portion of the application is taken exclusively
from Hughes and Borgman (1987).

Extremal Significant Wave Height Analysis

This application provides significant wave height estimates for
various return periods. Confidence intervals are also provided. The
approach developed by Goda (1988) is used to fit five candidate
probability distributions to an input array of extreme significant
wave heights. Candidate distribution functions are Fisher-Tippett
Type I and Weibull with exponents ranging from 0.75 to 2.0.
Goodness-of-fit information is provided for identifying the
distributions which best match the input data.

Constituent Tide Record Generation
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This application predicts a tide elevation record at a specific time
and locale using known amplitudes and epochs for individual harmonic
constituents.

WAVE THEORY FUNCTIONAL AREA

Linear Wave Theory

This application yields first-order approximations for various
parameters of wave motion as predicted by the wave theory bearing the
same name (also known as small amplitude, sinusoidal/ or Airy
theory). It provides estimates for engineering quantities such as
water surface elevation, general wave properties, particle
kinematics, and pressure as functions of wave height and period,
water depth, and position in the waveform.

Cnoidal Wave Theory

This application yields various parameters of wave motion as
predicted by first-order (Isobe, 1985) and second-order (Hardy and
Kraus, 1987) approximations for cnoidal wave theory. It provides
estimates for common items of interest such as water surface
elevation, general wave properties, kinematics, and pressure as
functions of wave height and period, water depth, and position in the
waveform.

Fourier Series Wave Theory

This application yields various parameters for progressive waves of
permanent form, as predicted by Fourier series approximation. It
provides estimates for common engineering parameters such as water
surface elevation, integral wave properties, and kinematics as
functions of wave height, period, water depth, and position in the
wave form which is assumed to exist on a uniform co-flowing current.
Stokes first and second approximations for celerity (i.e., values of
the mean Eulerian current or mean mass transport rate) may be
specified. Fourier series of up to 25 terms may be selected to
approximate the wave.

WAVE TRANSFORMATION FUNCTIONAL AREA

Linear Wave Theory with Snell's Law

This application provides a simple estimate for wave shoaling and
refraction using Snell's law with wave propertie.s. predicted by linear
wave theory. Given wave properties and a crest angle at a known
depth, it predicts the values in deep water and at a subject location
specified by a new water depth. An important assumption fox this
application is that all depth contours are assumed to be straight and
parallel. The criteria of Singamsetti and Wind (1980) and Weggel
(1972) are employed to provide an estimate for breaker parameters.

Irregular Wave Transformation (Goda's method)

This application yields cumulative probability distributions of wave
heights as a field of irregular waves propagate from deep water
through the surf zone. The application is based on two random-wave
theories by Yoshimi Goda (1975 and 1984). The 1975 paper concerns
transformation of random waves shoaling over a plane bottom with
straight parallel contours. This analysis treated breaking and
broken waves and resulted in cumulative probability distributions for
wave heights given a water depth. It did not include refraction,
however. The 1984 article details a refraction procedure for random
waves propagating over a plane bottom with straight parallel contours
assuming a particular incident spectrum. This ACES application
combines the two approaches by treating directional random waves
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propagating over a plane bottom with straight parallel contours.
This application also uses the theory of Shuto (1974) for the
shoaling calculation. The theories assume a Rayleigh distribution of
wave heights in the nearshore zone and a Bretschneider-Mitsuyasu
incident directional spectrum. The processes modeled include: Wave
refraction, Wave shoaling, Wave breaking. Wave setup, and Surf beat.

Combined Diffraction and Reflection by a Vertical Wedge

This application estimates wave height modification due to combined
diffraction and reflection near jettied harbor entrances, quay walls,
and other such structures. Jetties and breakwaters are approximated
as a single straight, semi-infinite breakwater by setting the wedge
angle to zero. Corners of docks and quay walls may be represented by
setting the wedge angle equal to 90 degrees. Additionally, such
natural diffracting and reflecting obstacles as rocky headlands can
be approximated by setting a particular value for the wedge angle.

STRUCTURAL DESIGN FUNCTIONAL AREA

Breakwater Design Using Hudson and Related Equations

A rubble structure is often composed of several layers of
random-shaped or random-placed stones, protected with a cover layer
of selected armor units of either quarrystone or specially shaped
concrete units. This ACES application provides estimates for the
armor weight, minimum crest width, armor thickness, and the number of
armor units per unit area of a breakwater using Hudson's and related
equations. The material presented herein can be found in Chapter 7
of the SPM (1984).

Toe Protection Design

Toe protection consists of armor for the beach or bottom material
fronting a structure to prevent wave scour. This application
determines armor stone size and width of a toe protection apron for
vertical faced structures such as seawalls, bulkheads, quay walls,
breakwaters, and groins. Apron width is determined by the
geotechnical and hydraulic guidelines specified in Engineer Manual
1110-2-1614. Stone size is determined by a method (Tanimoto, Yagyu,
and Goda, 1982) whereby a stability equation is applied to a single
rubble unit placed at a position equal to the width of the toe apron
and subjected to standing waves.

Nonbreaking Wave Forces on Vertical Walls

This application provides the pressure distribution and resultant
force and moment loading on a vertical wall caused by
normally-incident, nonbreaking, regular waves. The results can be
used to design vertical structures in protected or fetch-limited
regions when the water depth at the structure is greater than about
1.5 times the maximum expected wave height. The application provides
the same results as found using the design curves given in Chapter 7
of the SPM (1984).

Rubble-Mound Revetment Design

Quarrystone is the most commonly used material for protecting earth
embankments from wave attack because, where high-quality stone is
available, it provides a stable and unusually durable revetment armor
material at relatively low cost. This ACES application provides
estimates for revetment armor and bedding layer stone sizes,
thicknesses, and gradation characteristics. Also calculated are two
values of runup on the revetment, an expected extreme, and a
conservative runup value.

WAVE RUNUP, TRANSMISSION, AND OVERTOPPING FUNCTIONAL AREA
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Irregular Wave Runup on Beaches

This application provides an approach to calculate runup statistical
parameters for wave runup on smooth slope linear beaches. To account
for permeable and rough slope natural beaches, the present approach
needs to be modified by multiplying the results for the smooth slope
linear beaches by a reduction factor. However, there is no guidance
for such a reduction due to the sparsity of good field data on wave
runup. The approach used in this ACES application is based on
existing laboratory data on irregular wave runup (Hase and Iwagaki,
1984 and Mase, 1989).

Wave Runup and Overtopping on Impermeable Structures

This application provides estimates of wave runup and overtopping on
rough and smooth slope structures that are assumed to be
impermeable. Run-up heights and overtopping rates are estimated
independently or jointly for monochromatic or irregular waves
specified at the toe of the structure. The empirical equations
suggested by Ahrens and McCartney (1975), Ahrens and Titus (1985),
and Ahrens and Burke (1987) are used to predict runup, and Weggel
(1976) to predict overtopping. Irregular waves are represented by a
significant wave height and are assumed to conform to a Rayleigh
distribution (Ahrens, 1977) . The overtopping rate is estimated by
summing the overtopping contributions from individual runups in the
distribution.

Wave Transmission on Impermeable Structures

This application provides estimates of wave runup and transmission on
rough and smooth slope structures. It also addresses wave
transmission over impermeable vertical walls and composite
structures. In all cases, monochromatic waves are specified at the
toe of a structure that is assumed to be impermeable. For sloped
structures, a method suggested by Ahrens and Titus (1985) and Ahrens
and Burke (1987) is used to predict runup, while the method of Cross
and Sollitt (1971) as modified by Seelig (1980) is used to predict
overtopping. For vertical wall and composite structures, a method
proposed by Goda, TaXeda, and Moriya (1967) and Goda (1969) is used
to predict wave transmission.

Wave Transmission Through Permeable Structures

Porous rubble-mound structures consisting of quarry stones of various
. sizes often.offer an attractive, solution to the .problem of protecting
a harbor against wave action. It is important to assess the
"effectiveness of a given breakwater design by predicting the amount
of wave energy transmitted by the structure. This application
determines wave transmission coefficients and transmitted wave
heights for permeable breakwaters with crest elevations at or above
the still-water level. This application can be used with breakwaters
armored with stone or artificial armor units. The application uses a
method developed for predicting wave transmission by overtopping
coefficients using the ratio of breakwater freeboard to wave runup
(suggested by Cross and Sollitt, 1971) . The wave transmission by
overtopping prediction method is then combined with the model of wave
reflection and wave transmission through permeable structures of
Madsen and White (1976). Seelig (1979,1980) had developed a similar
version for mainframe processors.

LITTORAL PROCESSES FUNCTIONAL AREA

Longshore Sediment Transport

This application provides estimates of the potential longshore
transport rate under the action of waves. The method used is based
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on the empirical relationship between the Longshore component of wave
energy flux entering the surf zone and the immersed weight of sand
moved (Galvin, 1979) . Two methods are available to the user
depending on whether available input data are breaker wave height and-
direction or deepwater wave height and direction.

Numerical Simulation of Time-Dependent Beach and Dune Erosion

This application is a numerical beach and dune erosion model that
predicts the evolution of an equilibrium beach profile from
variations in water level and breaking wave height as occur during a
storm. The model is one-dimensional (only onshore-offshore sediment
transport is represented) . It is based on the theory that an
equilibrium profile results from uniform wave energy dissipation per
unit volume of water in the surf zone. The general characteristics
of the model are based on a model described by Kriebel (1982, 1984a,
1984b, 1986) . Because of the complexity of this methodology and the
input requirements, familiarization with the above references is
strongly recommended.

Calculation of Composite Grain-Size Distributions

The major concern in the design of a sediment sampling plan for
beach-fill purposes is determining the composite grain size
characteristics of-both the native beach and the potential borrow
site. This application calculates a composite grain size
distribution that reflects textural variability of the samples
collected at the native beach or the potential borrow area.

Beach Nourishment Overfill Ratio and Volume

The methodologies represented in this ACES application provide two
approaches to the planning and design of nourishment projects. The
first approach is the calculation of the overfill ratio, which is
defined as the volume of actual borrow material required to produce a
unit volume of usable fill. The second approach is the calculation
of a renourishment factor which is germane to the long-term
maintenance of a project, and addresses the basic question of how
often renourishment will be required if a particular borrow source is
selected that is texturally different from the native beach sand.

INLET PROCESSES FUNCTIONAL AREA

A Spatially Integrated Numerical Model for Inlet Hydraulics

This application is a numerical model that estimates coastal inlet
velocities, discharges, and bay levels as functions of time for a
given time-dependent sea level fluctuation. Inlet hydraulics are
predicted in this model by simultaneously solving the time-dependent
momentum equation for flow in the inlet and the continuity equation
relating the bay and sea levels to inlet discharge. The model is
designed for cases where the bay water level fluctuates uniformly
throughout the bay and the volume of water stored in the inlet
between high and low water is negligible compared with the tidal
prism of water that moves through the inlet and is stored in the
bay. The model has been previously described by Seelig (1977) and
Seelig, Harris, and Herchenroder (1977).

SYSTEM REQUIREMENTS

ACES is designed to run on IBM PC-AT (or compatible) machines with 640 Kb
memory, a hard drive, and an 80287 math co-processor. The screen displays in
ACES are designed in color. A color adaptor and monitor ( EGA, PGA, or CGA) are
referable. Some monochrome display adaptors and monitors will also. work. A

'printer is recommended, but not required. ACES is distributed on one high
density diskette.
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AVAILABILITY

Copies of version 1.07 are no longer available.
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Determining Grain Size (Dso) to Resist Motion

There has been substantial research on the topic of minimum grain size necessary to resist motion
under action of a fluid shear stress (e.g. Dean & Dalrymple 2002). There is nearly universal
agreement that the best characterization of this process is given by the Shields parameter ¥,
which is defined as

where Tb = shear stress exerted on seabed by seawater motion

ps = density of sediment (=2.65 g/cm3),

p = density of seawater (= 1.03 g/cm3 )

g = gravitational acceleration (= 981 cm/sec2), and

d = sediment grain size diameter.

Setting d = median grain size diameter D50 , and solving,

D50 = Tb/[(ps-P)g^]

Bottom shear stress can be expressed as Tb = p f U2/ 8, where f is the Darcy friction factor.

If the Shields parameter *F is less than 0.03, empirical evidence indicates that sediment motion
does not occur. Inserting this value for T, 0.02 for f, and the values shown above for the other
variables, the following expression is obtained:

D50 (mm) = 0.000524 [ U (cm/sec) ] 2 (1)

Equation (1) was used to compute minimum values of DSO to resist movement under fluid shear
exerted on seabed by currents. The attached Excel spreadsheet summarizes these results.

,J
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D50 Required to Resist Erosion Versus Bottom Current Speed

D50 (mm) = 0.000524 [U (cm/s)]A2

U(cm/s) D50(mm) U (ft/s) D50 (in.) U (cm/s) D50 (mm) U(ft/s) D50 (in.)
0
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200

0.00
0.05
0.21
0.47
0.84
1.31
1.89
2.57
3.35
4.24
5.24
6.34
7.55
8.86
10.27
11.79
13.41
15.14
16.98
18.92
20.96

0
0.33
0.65
0.98
1.31
1.64
1.96
2.29
2.62
2.95
3.27
3.60
3.93
4.26
4.58
4.91
5.24
5.57
5.89
6.22
6.55

0.00
0.00
0.01
0.02
0.03
0.05
0.07
0.10
0.13
0.17
0.21
0.25
0.30
0.35
0.40
0.46
0.53
0.60
0.67
0.74
0.83

200 20.96 6.55 0.8
250 32.75 8.19 1.3
300 47.16 9.82 1.9
350 64.19 11.46 2.5
380 75.67 12.44 3.0
400 83.84 13.10 3.3
500 131.00 16.37 5.2



Vessel Characteristics used in
Propwash Erosion Analysis

Tug Operations Pier
PSR Sediment Cap Design

Parameters

Vessel Characteristics
Maximum draft
Number of propellers
Number of rudders
Is propeller ducted, non-ducted, or tunnelled?
Vertical distance from water surface to center of
propeller shaft
Propeller diameter
Vertical angle made by shaft and the horizontal
Propeller pitch
Engine RPM during maneuvering
Gear reduction ratio
Propeller RPM during maneuvering
Horsepower per propeller during maneuvering

Units
Feet
N/A
N/A
N/A

Feet
Feet
Degrees
Inches
RPM
N/A
RPM
Hp

Representative Vessels
Crowley Invader-class

line-haul tug
19.0

2
3

Non-ducted

10.5
11.0

4
89

750
4.351
172

3,125

Crowley Robin-class
harbor tug

16.0
2
2

Non-ducted

9.5
9.3
2
68
802

3.972
202
530
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PSR PROPWASH VELOCITY CALCULATIONS - HARBOR TUG

Propwash bottom velocities at distance x from tug operation
Crowley heavy conventional tug, extreme low tide
From: Guidance for In-situ Subaqueous Capping of Contaminated Sediments: Appendix A: Armor Layer Design

Parameters - Harbor Tug

Dp
Do

U0

X

z
vw

9.3
6.603

19.2

feet

feet

ft/sec
feet
feet
ft/sec

Diameter of propeller

For non-ducted propellers, Do = 0.71 *DP

Jet velocity exiting propeller, from previous calcs
horizontal distance from propeller
radial distance from propeller shaft
Velocity at coordinates x and z

Calculations - Harbor Tug - Minimum water depth at distance

Governing Equation:

Vx =U0{2.78(D0/x)(exp[-l 5.43(z/x)2])}

x(ft)
75

100
125
150
175
200
225
250
275
300

z (ft)
.1

1
1
1
1
1
1
1
1
1

2.78(Do/x)

0.244751

0.183563
0.146851
0.122376
0.104893

0.091782
0.081584
0.073425
0.06675
0.061188

exp[-15.43(z/x)2]

0.997260648

0.99845819
0.999012967
0.999314457
0.99949629

0.999614324
0.999695256
0.99975315
0.999795988
0.99982857

Vw (ft/sec)

4.68635021

3.5189833

2.81675085
2.34800076
2.01293828

1.761529
1.56593033
1.40941891
1.28134482
1.17460436

V̂  (cm/sec)

142.8399545

107.2586109

85.85456598
71.5670632
61.35435889

53.69140389
47.72955637
42.95908843
39.05539012
35.80194099

Calculations - Harbor Tug - Ke

x(ft)
50

100
100
150
175

z(ft)
16
11

1
1
1

2.78(Do/x)
0.367127
0.183563
0.183563
0.122376
0.104893

Y water depths at key distances

expl-lS^Cz/x)1]
0.205968507
0.829690118

0.99845819
0.999314457

0.99949629

Vw (ft/sec)
1.45183793
2.92417419

3.5189833
2.34800076
2.01293828

VXrZ (cm/sec)
44.25202014
89.12882925
107.2586109
71.5670632

61.35435889
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PSR PROPWASH VELOCITY CALCULATIONS - LINE HAUL TUG

Propwash bottom velocities at distance x from tug operation
Crowley heavy conventional tug, extreme low tide
From: Guidance for In-sltu Subaqueous Capping of Contaminated Sediments: Appendix A: Armor Layer Design

Parameter! - Line Haul Tu

DP
Do
U0

X

z
v«

11
7.81

28.7

feet

feet

ft/sec

feet
feet
ft/sec

i

Diameter of propeller

For non-ducted propellers, DO " 0.71*DP

Jet velocity exiting propeller, ftom previous calcs

horizontal distance from propeller
radial distance from propeller shaft
Velocity at coordinates x and z

Calculations - Line Haul Tug - minimum water depth at distance

Governing Equation:

x(ft)
120
150
175
200
225
250
275
300

2 (ft)
1
1
1
1
1
1
1
1

2.780Vx)
0.180932
0.144745
0.124067
0.108559
0.096497
0.086847
0.078952
0.072373

exp[-15.43(z/x)1]

0.998929046
0.999314457
0.99949629
0.999614324
0.999695256
0.99975315
0.999795988
0.99982857

V« (ft/sec)
5.1871776
4.1513432
3.5589416
3.1144417
2.7686167
2.4918994
2.2654601
2.0767395

Vw (cm/sec)
158.1051748
126.5329405
108.4765407
94.92818217
84.3874381
75.95309261
69.05122458
63.29901866

Calculations - Line Haul Tug - Key water depths and distances

x(ft)
100
80
40
40
80
100
150
175
200
225
250
275
300
325
80
100
60
80
60
80
150

z(ft)
6
11
16
21
21
21
21
21
21
21
21
21
21
21
26
26
31
31
36
46
16

2.780Vx)
0.217118
0.271398
0.542795
0.542795
0.271398
0.217118
0.144745
0.124067
0.108559
0.096497
0.086847
0.078952
0.072373
0.066806
0.271398
0.217118
0.361863
0.271398
0.361863
0.271398
0.144745

exp[-15.43(z/x)J]
0.945966616
0.746975093
0.084686422
0.014223016
0.34534083
0.506382483
0.739021696
0.800761603
0.843567168
0.874229419
0.896843341
0.913950763
0.927180517
0.937608746
0.195969989
0.352371945
0.016261535
0.098577628
0.003868842
0.006087342
0.838987802

V« (ft/sec)
5.8945891
5.8182699
1.3192634
0.2215692
2.6898971
3.1554144
3.0700373

2.8513
2.6282544
2.421144
2.2353952
2.0709415
1.9258425
1.797695
1.5264315
2.1957306
0.1688838
0.7678318
0.0401798
0.047415
3.4853156

Vu (cm/sec)
179.6670758
177.3408652
40.21114882
6.753430115
81.98806378
96.17703032
93.57473773
86.90762485
80.10919397

73.79647
68.13484438
63.12229713
58.69967971
54.79374419
46.52563079
66.92586801
5.147578475
23.40351379
1.224679507
1.445208151
106.2324205

2 of 5 Propwash bottom velocitiei.xU Corps Equation -Line-haul Tug 4/11/2002
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CALCULATION OF ACCEPTABLE INTERTIDAL SLOPES

Equation! and deflnltlona

Equllirtum Profle • h(») - A>*(0.089)
Slope • dh/dx • 0.969 A»f..0.))3)

A • 0.097 *X044) <metere«1fl)
A'- Empirical vakica
B.(pn>)gB>3/(1000puAJ) . 1 1070T/3
w-[(P»-P)9D/(8.1p>|"0.5 lorB>IOOOO
W14DX1.1) cm/a forB«10000

N« Slept (SO (ill) . x/IXSO)

Nolra:
(t)
(1)

(D, (3)
<«>
(2)
(2)
0)

u • ttiomatlo vlaeoiity • 0.011B milt
w • faO velocity (cm/I)
D • mein eedlment diameter (mm)
It • depth (motere)
K • dlatance torn enoreUno (motere)

pe • particle donelty • 2.05 g/em)
p * witer deneity • 1.02 o/cml
0 • gnvftatloml t«ctl. • 981 cm/i]
A • Sediment Scale Parameter
B • grain buoyancy

OSe-
s'
w»
A-
A1-
Metance fron

ahora (ft)
10
20
30
40
50
10
70
BO
to
100

0.4 mm
708

5.11 cm/a
0.137 m"1/3
0.13 m"1/3

nDlatanco from Local
ehore (m) h (m) Slope

3.048 0.286484 0.093105
9.019 0.457728 0.050099
9.144 0.691932 0.043771

12.192 0.729293 0.03977]
15.24 0.84J82J 0.039924

18.288 0.9S14I7 0.034749
21.319 1.054294 0.03301
24.344 1.152338 0.031974
27.432 1.24937] 0.03039
30.49 1.339971 0.029313

Hope •
1:

15.849545
19.990793
22.849304

25.143]
27.082977

28.77789
30.293983
31.971129
32.938008
34,114152

Net Slope In flretSI) feet 1:11

D30-
B-
W"
A.
A'-
OlaUncefrom Olatenc

•her* (ft) ehori
10
20
30
40
50
90
70
80
90
100

Net Slope In drat 50 feet

1 mm
11070
13.13 cnVl
0.20B m*1/3

O.J2 m»1/3
efrom
(m)
1.046
9.098
9.144

12.192
15.24

18.288
21.339
24.384
27.432
30.48

h(m)
0.43C914
0,893238
0.909153
1.089938
1.278175
1.440938
1.59873

1.745235
1.887991
2.024889

1:

Local
Slope
0.095574
0.075875
0.099292
0.090239
0.05592]
0.052929
0.04(994
0.047B2

0.045981
0.044388

12

Slope »
1:

10.48311
13.17994
15.0841B
18.80147
17.88208
19.00137
20.00222
20.91171
21.7482

22.52478

Dlatence from Dletance from Local
ehore [ft) ehore (m) h(m) Slope

10 3.048 0.575501 0.125902
20 0.090 0.913223 0.099952
30 9.144 1.180338 0.087328
40 12.192 1.448982 0.07935
50 15.24 1.681145 0.073968
90 18.288 1.89819 0.089328
70 21.338 2.10342} 0.08SB5B
00 24.384 2.299053 0.002995
90 27.432 2.488861 0.080572
100 30.4B 2.997418 0.058484

Slope •
1;

7.942654
10.00481
11.4511

12.80235
13.57440
14.42414
15.1939
15.9743
19.80921
17.0988

Net Slope In flral 50 feel 1: 9

050 •
B.
w*
A-
A'-

Dlatance from
ehore (ft)

to
20
30
40
SO
90
70
80
10
100

1 mm
3717010

34.7) cm/a
0.118 m*1/l
0.15 mM/1

defence from
ehore (m) h (m)

1.048 0.670175
6.096 1.083662
1.144 1.313415

12.192 1.99707B
15.24 1.958086

18.296 2.210886
21.338 2.449929
24.384 2.077784
27.432 2.696297
30.48 3.106831

Net Slope In flret 60 feet 1:

Local Slope •
Slope 1:_
0.146843 6.819289
0.118417 8.58978
0.101714- 9.831519
0.092422 10.B1BB4
0.08580) 11.65457
0.080749 12.38407
0.076709 13.03017
0.073372 13.92913
0.07056 14.17411

0.090119 14.08044

1

D50>
B-
W"
A-
A'«

10 mm
11070000

41.91 om/a
0.345 m*1/3

0.41 m»m
Natance fromDIetance from

ehore (ft)
10
20
30
40
50
90
70
80
90
100

ahore |m)
3.048
9.099
9.144

12.192
15.24

18.296
21.338
24.384
27.432
30.48

Net Slope In flrct 50 feet

Mm)
0.725097
1.150488
1.507158
1.925442
2.11782)
2.391399
J.848812
2.81837
3.11272

3.360431

1:

Local
Slope
0.156913

0.12592
0.110017
0.099906
0.092807
0.08734
0.08217

0.079382
0.078309
0.073679

7

(lope •
1!

9.304045
7.941519B
8.0895424
10.003177
10.775009
11.44946

12.052532
12.80065)
13.104589
13.672525

94560240
55.09 cm/a

A' 0.191 mM/3
A1. 0.45 m>1/3
DMancefrom DMancefrom Local slope

ahora (ft) ehore (m) him) Slope 1:_
10 1.048 0.625194 0.180509 5.511884
20 8.099 1.109109 0.143303 0.978204
30 9.144 1.715219 0.125204 7.96997
40 12.192 2.077436 0.113789 6.789955
60 15.24 2.410294 0.105919 1.497988
60 18.288 2.721478 0.081317 10.06063
70 21.3)6 3.015722 0.094424 10.59055
80 24.384 3.29620) 0.090)17 11.07209
90 27.412 1.565181 0.088841 11.51499
100 10.48 1.9241)9 0.091848 11.92619

Net Slope In flrtt 50 feet \\

D50-
B-

A'
A1-

Dletance from
ehore |ft)

10
20
30
40
50
00
70
80
90
100

25 mm
172900750

05.03 emit
0.422 m-1/3

0.5
Ptelance from

ahora (m)
3.048
9.099
9.144

12.182
15.24

19.298
21.118
24.184
27.412
10.48

Net Slooe In flret 50 feet

mM/1

h(m)
0.887039
1.407437
1.843765
2.211134
2.590917
2.925441
3.24174

3.54124]
1.812179
4.110959

1:

Local
Slope
0.194018
0.154041
0.134598
0.122293
0.1135)5
0.108947
0.101601
0.097096
0.09))52
0.090133

1

Slope'
1:

5.1536)7
6.491079
7.4)011
8.17711

9.907899
9.)59199
9.952101
10.30013
10.71215
11.09499

D50-
B-
w«
A-
A'-
Dlatance from

ahora (ft)
10
20
30

' 40
50
90
70
00
90
100

35 mm
474929250

77.65 emit
0.455 mM/3
0.5) nr>1/3

Dlatance from
ehore (m) h (m)

3.048 0.155111
8.098 1.615574
1.144 1.185426

12.112 2.404712
19.24 2.790006

18.288 3.150212
21.330 3.490811
24.394 3.815478
27.432 4.12083
10.48 4.428812

Net Slope In flret 50 feet 1:

Local Slope •
Slope 1:
0.208940 4.795921
0.195879 6.028492
0.144929 6.999999
0.131689 7.593669
0.122256 8.17942)
0.115050 9.991406
0.10(289 9.149204
0.104949 9.99621)
0.100524 9.947832
0.097051 10.30306

5

Notea:
(1) Equatlone and definition from USACE CM 1110-2-1301
(2) Equttlona and deflnltlone from USACE CETN M
(3) A parameter calculated from correlation wHh fan apeed after Dean 1187 (EM1110.M1100, Figure IW.171
(4) A' parameter directly Interpolated from empirical data after Moon 18U (BMHIMIHOO, Figure U-3-1/)

All ilopet calculated baaed on the A parameter aa deecrtbed In Note (J). Uae of the empirical A' u detcrlbed In Note (4) would yield ateaper allowable alopea.

BUM Bay Wlvo. (OS 050702).)de Reviled Mertldal Slope! 076/2002



CALCULATION OF ACCEPTABLE INTERTIDAL SLOPES
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RIPRAP SIZING

PROBLEM STATEMENT AND CALCULATION OBJECTIVES

PROBLEM: Riprap revetments have been incorporated as part of the sediment cap design in the Marine
Sediment Unit of the Puget Sound Resources site in Elliot Bay. Riprap revetments and underlying filter
layers must be designed to resist movement from the design wave.

OBJECTIVE: Determine minimum stone size and gradation for riprap and filter layer in accordance with
USAGE design guidance. Confirm whether the material specifications assumed by the 30% design are
consistent with the USAGE design guidance,

DATA AVAILABLE
1 . US Army Corps of Engineers, "Design of Coastal Revetments, Seawalls, and Bulkheads - Engineer

Manual", 30 June 1995. Extracts included as Attachment E.

ASSUMPTIONS AND DESIGN DATA

2. Design Wave Height = 2.9 feet (From ACES, Section A.3);
3. Design Wave Height = Significant Wave Height = Monochromatic Wave Height;
4. Specific Weight of Rock = 160 Ibs/ft3;
5. Specific Weight of Seawater = 64 Ibs/ft3;
6. Riprap revetment slope = 26.6 degrees (1 (vertical) to 2 (horizontal) slope);
7. There will be no major overtopping of the riprap revetment structure; and
8. The toe of the riprap revetment is in deep water.

ANALYSIS AND RESULTS

Riprap Armor Unit Stability

1. Riprap armor unit stability was calculated from the equation developed by Hudson (1961),
Equation 2-15 (USAGE, 1995). For graded riprap, the armor unit stability is the minimum weight
that 50% of the stones must equal or exceed (W50 mm) to avoid damage at the design wave height.

2. Approximate sizing limits were established in accordance with the following guidelines (per
USAGE, 1995). These limits are intended by the USAGE to serve as guidelines and engineering
judgement should be used in relating them to economically available products.

• W100 ma < 4 x W50 mu, (or as economically available from quarry);

" 1.5 X

W|5 ni,, ~ 0.4 X W50 mini and

WSQ „,„,.

3. Refer to Attachment A for spreadsheet calculations and Attachment C for check calculations. The
results of the calculations are summarized in Table 1 following. All weights are rounded up to the
nearest 10 pounds.

Table 1 - Riprap Armor Sizing

Wave
Height
(feet)
2.9

Armor Unit Stability
(Ibs)

Wso^n

270

Sizing Limit Guidance (Ibs)

Wioomax
1060

Wjoonrin
530

WsOmax
400

Wisnnn

110

WlSroax

270

C:\MAJ\PSR\Riprap Calculation.doc
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Minimum Riprap Layer Thickness

1. Minimum riprap layer thickness was calculated from the equation developed by Ahrens (1975),
Equation 2-24 (USAGE, 1995).

2. The calculation was based on the sizing limits calculated above. Average values were used where
the guidance specified only maximum and minimum values. That is WIOQ was assumed to equal
the average of W^mu, and WIOoma-

3. Refer to Attachment A for spreadsheet calculations and Attachment C for check calculations. The
result of the calculation is summarized following (rounded up to the nearest 0.5 foot):

• Minimum Layer Thickness = 2.5 feet.

Riprap Revetment Toe Protection - Armor Unit Stability

1 . Riprap armor unit stability for protection of the revetment toe was calculated from the Equation 2-
25 (USAGE, 1995). As above, the toe of the riprap revetment was assumed to be in deep water.
Therefore, based on Figure 2-7 (USAGE, 1995) the ratio of the depth to the top of the revetment
toe protection to the total water depth was assumed to approach 1, and so the design stability
number (Ns) was assumed to approach 300.

2. Refer to Attachment A for spreadsheet calculations and Attachment C for check calculations. The
calculation demonstrated that it was not necessary to increase in the minimum stone weight

in the toe protection structure from that determined for the riprap revetment.

Filter Layer Properties

1. Gradation requirements for the filter that will underlay the riprap revetment were calculated based
on Equation 2-28 (USAGE, 1995).

2. The calculation was based on the sizing limits calculated above. Average values were used where
the guidance specified only maximum and minimum values. That is Wi5 was assumed to equal
the average of WJ5 „„, and W15 ma,.

3. Stone weights were related to stone diameters by either:

• Equation 2-22 (USAGE, 1995), assuming the number of stones in the layer (n) was equal to 1
and ka = 1 ; or

• Assuming the stone was a sphere.

4. Refer to Attachment A for spreadsheet calculations and Attachment C for check calculations. The
result of the calculation is summarized following:

• Filter Layer dgs = 0.26 feet (from Equation 2-22, USAGE, 1995); or
• Filter Layer dgs = 0.33 feet (assuming stones are spheres).

5. Minimum filter layer thickness should be 3 times the median stone diameter. Conservatively, if
the minimum layer thickness is calculated based on the dgs calculated above and not the median
stone diameter, the minimum layer thickness should be:

• Minimum Layer thickness = 0.8 to 1.0 feet.

C:\MAJ\PSR\Riprap Calculation.doc
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CONCULSIONS

Riprap Specification

I . The 30% design was based on the assumption that riprap revetments would be constructed from
material conforming to the WSDOT 9-13.1(2) Light Loose Riprap specification.

2. The WSDOT 9-13.1(2) Light Loose Riprap specification is suitable for this application with the
following additional requirements:

• At least 50% of the stones must have a weight greater than 300 Ibs (i.e. W50min > 300 Ibs);
• The riprap must be placed such that there is a well graded distribution of various stone sizes

through the revetment;
• The maximum stone size must be limited to 1,000 Ibs (i.e. WIM^ = 1,000 Ibs);

As shown in Attachment C, it is probable that material supplied in accordance with the WSDOT
specification would satisfy these additional requirements. However, it is technically possible that
a product could achieve the WSDOT specification, but fail to achieve the additional requirements.
Therefore, it is recommended that the additional requirements be included as part of the
specification for this project.

3. The 30% design was based on an assumed riprap revetment thickness of 18-inches, plus an over-
placement allowance of 12 inches. The minimum riprap layer thickness recommended by the
USAGE guidance is 2.5 feet or 30 inches.

4. The riprap layer thickness should be increased to 24 inches, plus an over-placement allowance of
12 inches. Assuming that on average half the over-placement allowance is placed, the net layer
thickness will achieve the minimum requirement of the USAGE guidance.

Filter Layer Specification

1. The 30% design was based on the assumption that the filter layer would be comprised of a 2 Yi
inch crushed rock meeting the Seattle No. 14 Specification.

2. The gradation recommendations of the USAGE guidance are considered critical in areas where the
riprap revetment will be within the tidal zone and potentially exposed to wave action. In these
applications, the filter layer must be fine enough to prevent the underlying contaminated sediment
from being washed through the riprap and coarse enough to prevent the filter layer itself from
being washed through the riprap.

3. The minimum djs recommended for the filter layer by the USAGE guidance is between 0.26 and
0.33 feet. This recommendation is based on the gradation required to prevent the filter layer from
being washed through the riprap. As shown in Attachment C, the dg5 of the 2 Vi inch crushed rock
product is between 0. 1 and 0.2 feet and does not achieve the requirements of the USAGE
guidance.

4. The only commonly available product that has a d85 above the range recommended by the USAGE
guidance is WSDOT 9-13.6 Quarry Spalls (refer to Attachment D). As above, quarry spalls will
be coarse enough to prevent them from being washed through the riprap, however they do not
contain sufficient fines to prevent the egress of contaminated sediments. Addressing this in
accordance with the USAGE guidance would require placement of a second filter layer, installed
below the quarry spalls, with a gradation that would prevent both its own escape through the
quarry spalls and the escape of the underlying sediments. This approach would be difficult to

C:\MAJ\PSRYRiprap Calculation.doc
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construct in the underwater environment in which these riprap revetments will be installed and is
considered impractical.

5. A compromise approach is to provide a blended material whose gradation provide both particles
that are large enough to prevent it from being washed through the riprap, but fine enough to
contain the underlying sediments. Development of this gradation is described in Attachment D.
The recommended material is a combination of roughly equal proportions of the 2 Vi-inch crushed
rock and quarry spalls, and is described in Table 2. The recommended gradation was developed in
consultation with material suppliers to ensure it can be economically produced.

Table 2 - Filter Layer Gradation (for use in Tidal Zone)

Grain Size
8-inches
3-inches
2-inches
%-inch
40 sieve

% Passing
100

30 to 75
20 to 60
15 to 40
Oto5

6. It is recommended that Filter Layer Specifications be amended as follows:

• For riprap revetments constructed within the tidal zone, gradation per Table 2 (Filter Layer 1);
and

• For riprap revetments constructed below the tidal zone, filter layer gradation per Settle No.
14,2 Vi inch crushed rock (Filter Layer 2). Note that in addition to this gradation, Filter Layer
2 must contain a minimum TOC content of 0.5% (by weight).

7. The 30% design was based on an assumed filter layer thickness of 24 inches. This thickness was
based on the minimum thickness required for containment of the underlying contaminated
sediments. The minimum filter layer thickness recommended by the USAGE guidance, based on
the filter layer gradation, is conservatively calculated as 12 inches. Therefore the existing design
is consistent with the USAGE guidance.

C:\MAJ\PSRVRiprap Calculation.doc
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RIP RAP SIZING CALCULATIONS

DESIGN CRITERIA

Design Wave Height
Armor Specific Weight
Waste Specific Weight
Riprap Slope (phi)

Cot (phi)
Stability Coefficient
Toe Protection Stability No.

From Jack Colonell•]£.."•:. ,;2;9 feet
Tebib/fts

64 Ib/ftS
26.6 degrees

0.46425758 radians
1.99695386

2.2 (from Table 2.3 USAGE Guidance Manual for graded riprap)
300 (from Figure 2-7 USAGE Guidance Manual for deep water)

Calculate Armor Unit Stability (Hudson 1961)

Wave Height
(feet)

Stone Weight
(Ibs)

•Gradation" Guidelines (Ibs)
W100rna)[ W100lrtn "BQmax w15rrin W ISmax

4.65
4.07

1084.96
727.51

1084.96
727.51

4339.85
2910.04

2169.92
1455.02

1627.44
1091.26

433.98
291.00

1084.96
727.51

Calculate Minimum Layer Thickness (Ahrens 1975)

Wave Height

(feet)

4.65
4.07

Wso

(Ibs)

1084.96
727.51

"100 (average)

(Ibs)

3254.88
2182.53

Layer Thickness

A B

3.79
3.31

iteiiilMliii

c

3.41
2.99

1.00
1.00

SHii

Minimum Layer Thickness

(feet)

3.79
3.31

lliliii?!
Calculate Toe Protection

Wave Height
(feet)

4.65
4.07

Stone Weight (W,̂ )
(Ibs)

1.77E-04
_ ^1.18E-04

Calculate Filter Layer Properties

Wave Height

(Feet)

4.65
4.07

Armor (based on a sphere)

(Ibs) (ft3) (feet)

759.47 4.75 2.09
509.26 3.18 1.83

Armor (based on Eqn 2-22)

(Ibs) (feet)

759.47 1.68
509.26 1.47

Filter Size Range
Minimum dK

(feet)

0.52
0.46

0.42
0.37
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COBBLES
GRAVEL

Coarse : Fine

SAND;

Co'a; Medium • ' - • Fine
SILT OR CLAY

U.S. Standard Sieve Size in Inches U.S. .Standard Sieve Numbers

3 3/43/8 4 1.0 20 40 100 200

Hydrometer

100

80

; 60

PASSING
BY

WEIGHT (%)

40

20

.001

dRAINSJZi

SYMBOL BORING

NO.

DEPTH

(H>

OESCRtPtlON %

GRAVEL *SAND

%

FINES

b for/ *w

'REMARKS:

V - . : -

05^10^1995 DAWIES & jyioORE



FILTER LAYER SIZING CALCULATIONS

DESION CRITERIA

Wave Height
(feet)

2.90

dw('eet)
From To

0.33 0.26

Available Raw Materials:

8-lnches
3-lnches
2.5-inches
2-lnches
1-inch
3/4-inch
1/4-lnch
40 sieve
200 sieve

Grain Size
(mm)

200
75

62.5
50
25

18.75
8.25
0.42

0.075

Quarry Spoils - % Pasting
Minimum Maximum Average

100
0 40

0 10

100
20
5
5
5
5
0
0
0

2-1/2* crushed rock- % passing
Minimum Maximum Average

100
65 100
50 85

30 50
0 16
0 9

100
100
100

82.5
67.5

40
40

8
4.5

Potential Mixtures:

8- inches
3-lnches
2.5-lnches
2-lnches
1-Inch
3/4-Inch
1/4-Inch
40 sieve
200 sieve

Grain Size
(mm)

200
75

62.5
50
25

18.8
6.3

0.42
0.075

% Passing
% Quarry Spalls 50
% 2-1/2 Inch crushed rock 50

100
60

52.5
43.75
36.25
22.5

20
4

2.25

Grain Size
(mm)

200
75

62.5
50
25

18.8
6.3

0.42
0.075

% Passing
% Quarry Spalls 30
% 2-1/2 Inch crushed rock 70

100
78

71.5
59.25
48.75
29.5

28
5.6

3.15

Grain Size
(mm)

200
75

62.5
50
25

16.8
8.3

0.42
0.075

% Passing
% Quarry Spalls
% 2-1/2 Inch crushed rock

100
44

33.5
28.25
23.75

15.5
12

2.4
1.35

70
30

0.3 teel 0.25 leet 0.57 feet

Suggested Gradation:

Grain Size

8-lnches
3-inches
2.5-lnches
2-lnches
1-Inch
3/4-Inch
1/4-lnch
40 sieve
200 sieve

% Passing
Mln Max

100
44

33.5
28.25
23.75

15.5
12

2.4
1.35

100
76

71.5
59.25
48.75
29.5

28
5.6

3.15

1

Simplified Gradation

Grain Size

8-inches
3-lnches
2.5-inches
2-lnches
1-Inch
3/4-inch
1/4-lnch
40 sieve
200 sieve

^

% Passing
Mln Max

40

25

15

0

.____ — — —

100
75

60

30

5

_ J -<§
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COB&ES
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Coarser • Rne

1>,S. Standard Sieve Size in Inches

SAND

Coa. J Medium ;: Rne

U.S. Standard Sieve Numbers

SILT OR CLAY

Hydrometer

•PASSIfld
BY

WEIGHT (%)

SYMBQL
GRAVEL SiftNO ONES

QlJtOSrJ

B<JU/A W/i>*aT *).OJ
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For other configurations of seawalls, Ward and Ahrens
(1992) should be consulted, or physical model tests should
be performed.

2-15. Stability and Flexibility

Structures can be built by using large monolithic masses
that resist wave forces or by using aggregations of smaller
units that are placed either in a random or in a
well-ordered array. Examples of these are large rein-
forced concrete seawalls, quarrystone or riprap revet-
ments, and geometric concrete block revetments. The
massive monoliths and interlocking blocks often exhibit
superior initial strength but, lacking flexibility, may not
accommodate small amounts of differential settlement or
toe scour that may lead to premature failure. Randomly
placed rock or concrete armor units, on the other hand,
experience settlement and readjustment under wave attack,
and, up to a point, have reserve strength over design
conditions. They typicafly do not fail catastrophically if
minor damages are inflicted. The equations in this
chapter are suitable for preliminary design for major
structures. However, final design will usually require
verification of stability and performance by hydraulic
model studies. The design guidance herein may be used
for final design for small structures where the conse-
quences of failure are minor. For those cases, project
funds are usually too limited to permit model studies.

2-16. Armor Unit Stability

a. The most widely used measure of armor unit
stability is that developed by Hudson (1961) which is
given in Equation 2-15:

w ,

-l-i cote
(2'15)

where

H -

K

required individual armor unit weight, Ib (or W50

for graded riprap)

specific weight of the armor unit, lb/ft*

monochromatic wave height

stability coefficient given in Table 2-3

specific weight of water at the site (salt or fresh)

8 = is structure slope (from the horizontal)

Stones within the cover layer can range from 0.75 to
1.25 W as long as 50 percent weigh at least W and the
gradation is uniform across the structure's surface. Equa-
tion 2-15 can be used for preliminary andfinal design
when H is less than 5 ft and there is no major ovcrtop-_
ping ol the structure. For larger wave heights, moideT
tests are preferable to develop the optimum design.
Armor weights determined with Equation 2-15 for mono-
chromatic waves should be verified during model tests
using spectra] wave conditions.

b. Equation 2-15 is frequently presented as a stabi-
lity formula with TV, as a stability number. Rewriting
Equation 2-15 as

N = H
(2-16)

it is readily seen that

N - (2-17)

By equating Equations 2-16 and 2-17, W is readily
obtained.

c. For irregular wave conditions on revetments of
dumped riprap, the recommended stability number is

N = 1.14cot"68 (2-18)

where Na is the zero-damage stability number, and the
value 1.14 is obtained from Ahrens (1981b), which rec-
ommended a value of 1.45 and using H, with Equation 2-
16, then modified based on Broderick (1983), which
found using //,„ (10 percent wave height, or average of
highest 10-percent of the waves) in Equation 2-16 pro-
vided a better fit to the data. Assuming a Rayleigh wave
height distribution, Hlo = 1.27 H,. Because H, is more
readily available than //,„, the stability number in Equa-
tion 2-17 was adjusted (1.45/1.27 = 1.14) to allow H, to
be used in the stability equation while providing the more
conservative effect of using //,„ for the design.

d. Stability equations derived from an extensive
series of laboratory tests in The Netherlands were pre-
sented in van der Meer and Pilarczyk (1987) and van der

8-8
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Table 2-3
Suggested Values for Use In Determining Armor Weight (Breaking Wave Conditions)

Aimor Unit

Quarrystone

Smooth rounded

Smooth rounded

Rough angular

Rough angular

Rough angular

Rough angular

I Graded riprap3

Concrete Armor Units

Tetrapod

Tripod

Tripod

Dolos

n1

2

>3

1

2

>3

2

2*

2

2

1

2

Placement

Random

Random

Random

Random

Random

Special2

Random

Random

Random

Uniform

Random

Slope (cot B)

1.5 to 3.0

1.5 to 3.0

1.5 to 3.0

1.5 to 3.0

1.5 to 3.0

1.5 to 3.0

2.0 to 6.0

1.5 to 3.0

1.5 to 3.0

1.5 to 3.0

2.0 to 3.05

K0

1.2

1.6

Do Not Use

2.0

2.2

7.0 to 20.0

2.2 ^

7.0

9.0

12.0

15.0s

1 n equals the number of equivalent spherical diameters corresponding to the median stone weight that would fit within the layer thickness.
2 Special placement with long axes of stone placed perpendicular to the slope face. Model tests are described in Markle and David-
son (1979).

' Graded riprap is not recommended where wave heights exceed 5 ft.
4 By definition, graded riprap thickness is two times the diameter of the minimum WM size.
s Stability of dolosse on slope sleeper than 1 on 2 should be verified by model tests.
6 No damage design (3 to 5 percent of units move). If no rocking of armor (less than 2 percent) is desired, reduce KD by approximately
50 percent.

Meer (1988a, 1988b). Two stability equations were pre-
sented. For plunging waves,

N (2-19)

and for surging or nonbreaking waves,

where

(2-20)

P = permeability coefficient

S = damage level

N = number of waves

P varies from P = 0.1 for a riprap revetment over an
impermeable slope to P = 0.6 for a mound of armor stone
with no core. For the start of damage S = 2 for revetment

slopes of 1:2 or 1:3, or S = 3 for revetment slopes of 1:4
to 1:6. The number of waves is difficult to estimate, but
Equations 2-19 and 2-20 are valid for N = 1,000 to N =
7,000, so selecting 7,000 waves should provide a conser-
vative estimate for stability. For structures other than
riprap revetments, additional values of P and 5 are pre-
sented in van der Meer (1988a, 1988b).

e. Equations 2-19 and 2-20 were developed for
deepwater wave conditions and do not include a wave-
height truncation due to wave breaking, van der Meer
therefore recommends a shallow water correction given as

N.x {xkatiaw

1.40/7,

~~fT~ (2-21)

N. \dttp •water)

where H3 is the wave height exceeded by 2 percent of the
waves. In deep water, Hj = 1.40 H, , and there is no
correction in Equation 2-21.

2-9
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2-17. Layer Thickness

a. Armor units. As indicated in the SPM, the thick-
ness of an armor layer can be determined by
Equation 2-22:

Nl/J

(2-22)

where r is the layer thickness in feet, n is the number of
armor units that would fit within the layer thickness (typi-
cally /i=2), and £4 is the layer coefficient given in
Table 2-4. For estimating purposes, the number of armor
units, A^rt for a given surface area in square feet, A, is

P w PN =A «*.;-__:A 100 \ \ w \
(2-23)

r . = max (
\10

"'so* .T- J:
( Y»
^ :ift

U_ Y'J J

(2-24)

where r^n is the minimum Jayer thickness perpendicular
to the slope. Greater layer thicknesses will tend to
increase the reserve strength of the revetment against
waves greater than the design. Gradation (within broad
limits) appears to have little effect on stability provided
the WM size is used to characterize the layer. The fol-
lowing are suggested guidelines for establishing gradation
limits (from EM 1110-2-1601) (see also Ahrens 1981a):

where P is the average porosity of the cover layer from
Table 2-4.

b. Graded riprap. The layer thickness for graded
riprap must be at least twice the nominal diameter of the
Wx stone, where the nominal diameter is the cube root of

( the stone volume. In addition, r^n should be at least
25 percent greater than the nominal diameter of the
largest stone and should always be greater than a mini-
mum layer thickness of 1 ft (Ahrens 1975). Therefore,

(1) The lower
selected based
Equation 2-15.

limit
on

of Win stone, F
stability

'J0 mn, should be
requirements using

n

(2) The upper limit of the Wim stone, Wm nm,
should equal the maximum size that can be economically
obtained from the quarry but not exceed 4 times Wy, mb.

(3) The lower limit of the
not be less than twice frj0mh,.

stone, rYIOOm-a, should

(4) The upper limit of the JF50 stone, Wio m:a, should
be about 1.5 times WXvAa.

(5) The lower limit of the W\s stone, W,5
be about 0.4 times W^ min.

should

(6) The upper limit of the fF,5 stone, W^ m3}L, should
be selected based on filter requirements specified in EM
1110-2-1901. It should slightly exceed Witimia.

- -- — ---
(7) The bulk volume of stone lighter than W,}mh, in a

gradation should not exceed the volume of voids in the
revetment without this lighter stone. In many cases, how-
ever, the actual quarry yield available will differ from the
gradation limits specified above. In those cases the
designer must exercise judgment as to the suitability of
the supplied gradation. Primary consideration should be
given to the Win ait size under those circumstances. For
instance, broader than recommended gradations may be
suitable if the supplied Wso is somewhat heavier than the
required f^omm- Segregation becomes a major problem,
however, when the riprap is too broadly graded.

2-18. Reserve Stability

a. General. A well-known quality of randomly
placed rubble structures is the ability to adjust and resettle
under wave conditions that cause minor damages. This
has been called reserve strength or reserve stability.
Structures built of regular or uniformly placed units such
as concrete blocks commonly have little or no reserve
stability and may fail rapidly if submitted to greater than
design conditions.

b. Armor units. Values for the stability coefficient,
KD, given in paragraph 2-16 allow up to 5 percent dam-
ages under design wave conditions. Table 2-5 contains
values of wave heights producing increasing levels of
damage. The wave heights are referenced to the
zero-damage wave height (//,><,) as used in Equation 2-15.
Exposure of armor sized for H^ to these larger wave
heights should produce damages in the range given. If
the armor stone available at a site is lighter than the stone
size calculated using the wave height at the site, the zero-
damage wave height for the available stone can be



EM 1110-2-1614
30 Jun 95

Table 2-4
Layer Coefficients and Porosity for Various Armor Units

Armor Unit

Quarrystone (smooth)

Quarrystone (rough)

Quarrystone (rough)

| Graded riprap

Tetrapod

Tribar

Tribar

Oolos

n

2

2

>3

2"

2

2

1

2

' By definition, riprap thickness equals two cubic lengths of H

Placement

Random

Random

Random

Random

Random

Random

Uniform

Random

'so or 1.25 Wtaf

K>

1.00

1.00

1.00

N/A

1.04

1.02

1.13

0.94

P(%)

38

37

40

37

50

54

47

56

Table 2-5
H/H0=0 for Cover Layer Damage Levels for Various Armor Types (H/HM for Damage Level in Percent)

Unit

Quarrystone (smooth)

Quarrystone (angular)

Tetrapods

Tribars

Dolos

0 < %0 < 5

1.00

1.00

1.00

1.00

1.00

5<%0<10

1.08

1.08

1.09

1.11

1.10

10<%0< 15

1.14

1.19

1.17

1.25

1.14

15S%D<20

1.20

1.27

1.24

1.36

1.17

20 <:

1.29

1.37

1.32

1.50

1.20

%D530

calculated, and a ratio with the site's wave height can be
used to estimate the damage that can be expected with the
available stone. All values in the table are for randomly
placed units, n=2, and minor overtopping. The values in
Table 2-5 are adapted from Table 7-8 of the SPM. The
SPM values are for breakwater design and nonbreaking
wave conditions and include damage • levels above
30 percent. Due to differences in the form of damage to
breakwaters and revetments, revetments may fail before
damages reach 30 percent. The values should be used
with caution for damage levels from breaking and non-
breaking waves.

c. Graded riprap. Information on riprap reserve
stability can be found in Ahrens (198la). Reserve stabi-
lity appears to be primarily related to the layer thickness
although the median stone weight and structure slope are
also important.

2-19. Toe Protection

a. General. Toe protection is supplemental
armoring of the beach or bottom surface in front of a

structure which prevents waves from scouring and under-
cutting it. Factors that affect the severity of toe scour
include wave breaking (when near the toe), wave runup
and backwash, wave reflection, and grain-size distribution
of the beach or bottom materials. The revetment toe
often requires special consideration because it is subjected
to both hydraulic forces and the changing profiles of the
beach fronting the revetment Toe stability is essential
because failure of the toe will generally lead to failure
throughout the entire structure. Specific guidance for toe
design based on either prototype or model results has not
been developed Some empirical suggested guidance is
contained in Eckert (1983).

b. Revetments.

(1) Design procedure. Toe protection for revetments
is generally governed by hydraulic criteria. Scour can be
caused by waves, wave-induced currents, or tidal currents.
For most revetments, waves and wave-induced currents
will be most important. For submerged toe stone, weights
can be predicted based on Equation 2-25:

2-11
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(2-25)

where N, is the design stability number for nibble toe
protection in front of a vertical wall, as indicated in the
SPM (see Figure 2-7). For toe structures exposed to
wave action, the designer must select either Equation 2-15
which applies at or near the water surface or Equation 2-
25 above. It should be recognized that Equation 2-25
yields a minimum weight and Equation 2-15 yields a
median weight. Stone selection should be based on the
weight gradations developed from each of the stone
weights. The relative importance of these factors depends
on the location of the structure and its elevation with
respect to low water. When the toe protection is for
scour caused by tidal or riverine currents alone, the
designer is referred to EM 1110-2-1601. Virtually no
data exist on currents acting on toe stone when they are a
product of storm waves and tidal or riverine flow. It is
assumed that the scour effects are partially additive. In
the case of a revetment toe, some conservatism is pro-
vided by using the design stability number for toe protec-
tion in front of a vertical wall as suggested above.

i^MJ Suggested toe configurations. Guidance contained
1110-2-1601 which relates to toe design con-

figurations for flood control channels is modified for
coastal revetments and presented in Figure 2-4. This is
offered solely to illustrate possible toe configurations.
Other schemes known to be satisfactory by the designer
are also acceptable. Designs I, II, IV, and V are for up to
moderate toe scour conditions and construction in the dry.
Designs III and VI can be used to reduce excavation
when the stone in the toe trench is considered sacrificial
and will be replaced after infrequent major events. A
thickened toe similar to that in Design III can be used for
underwater construction except that the toe stone is placed
on the existing bottom rather than in an excavated trench.

c. Seawalls and bulkheads.

(1) General considerations. Design of toe pro-
tection for seawalls and bulkheads must consider geotech-
nical as well as hydraulic factors. Cantilevered, anchored,
or gravity walls each depend on the soil in the toe area
for their support. For cantilevered and anchored walls,
this passive earth pressure zone must be maintained for
stability against overturning. Gravity walls resist sliding
through the frictional resistance developed between the
soil and the base of the structure. Overturning is resisted

by the moment of its own weight supported by the zone
of bearing beneath the toe of the structure. Possible toe
configurations are shown in Figure 2-5.

(2) Seepage forces. The hydraulic gradients of
seepage flows beneath vertical walls can significantly
increase toe scour. Steep exit gradients reduce the net
effective weight of the soil, making sediment movement
under waves and currents more likely. This seepage flow
may originate from general groundwater conditions, water
derived from wave overtopping of the structure, or from
precipitation. A quantitative treatment of these factors is
presented in Richart and Schmertmann (1958).

(3) Toe apron width. The toe apron width will
depend on geotechnical and hydraulic factors. The pas-
sive earth pressure zone must be protected for a sheet-pile
wall as shown in Figure 2-6. The minimum width, B,
from a geotechnical perspective can be derived using the
Rankine theory as described in Eckert (1983). In these
cases the toe apron should be wider than the product of
the effective embedment depth and the coefficient of
passive earth pressure for the soil. Using hydraulic con-
siderations, the toe apron should be at least twice the
incident wave height for sheet-pile walls and equal to the
incident wave height for gravity walls. In addition, the
apron should be at least 40 percent of the depth at the
structure, df Greatest width predicted by these geotech-
nical and hydraulic factors should be used for design. In
all cases, undercutting and unraveling of the edge of the
apron must be minimized.

(4) Toe stone weight. Toe stone weight can be
predicted based on Figure 2-7 (from Brebner and
Donnelly 1962)). A design wave between //, and //,„ is
suggested. To apply the method assume a value of d, the
distance from the still water level to the top of the toe. If
the resulting stone size and section geometry are not
appropriate, a different dt should be tried. Using the
median stone weight determined by this method, the
allowable gradation should be approximately 0.5 to
1.5 W.

2-20. Filters

A filter is a transitional layer of gravel, small stone, or
fabric placed between the underlying soil and the struc-
ture. The filter prevents the migration of the fine soil
particles through voids in the structure, distributes the
weight of the armor units to provide more uniform set-
tlement, and permits relief of hydrostatic pressures within
the soils. For areas above the waterline, filters also
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i. Qucrryxcona or Concrete Arnor Unit

w-1.5 (aininra)

II* Qoaxryvtone or Arvor OnitA
loir-to-Hoderate Scour Potential Sites

111. Ouarryctooe or Amor Quits
/Moderate-to-Severe Scour Potential Site*

tV. Concrete Block* with Tee Wall
LtM-to-Hoderate Scour Potential
site*

Depth of
Anticipated
Scour

a - H (approx.)

V. Concrete Blocks with Embedded Toe
Low to Moderate Scour Potential Sites

a <1.25H

VI. Concrete Blocks with Rubble Toe
Itaderate-to-Severe Scour Potential Sites

Figure 2-4. Revetment toe protection (Designs I through VI)

prevent surface water from causing erosion (gullies)
beneath the riprap. In general form layers have the rela-
tion given in Equation 2-26:

(2-26)

Specific design guidance for gravel and stone filters is
contained in EM 1110-2-1901 and EM 1110-2-2300 (see
also Ahrens 1981 a), and guidance for cloth filters is con-
tained in CW 02215. The requirements contained in these
will be briefly summarized in the following paragraphs.

a. Graded rock filters.
stated as:

4 to 5

The filter criteria can be

(2-27)

where the left side of Equation 2-27 is intended to prevent
piping through the filter and the right side of Equation 2-
27 provides for adequate permeability for structural
bedding layers. This guidance also applies between suc-
cessive layers of multilayered structures. Such designs
are needed where a large disparity exists between the void
size in the armor layer and the particle sizes in the under-
lying layer.

b. Riprap and armor stone underlayers.
Underlayers for riprap revetments should be sized as in
Equation 2-28,

(2-28)
dis
d

RjJU

"JL<4
„

Si.mil
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I. Vertical Wall with Rock
Toe
Lov-to-Hoderate
Scour Potential
Sites

Stone
Filter N\/

Passive Barth -̂ /
Pressure Zone'̂ x

vO = Median Stone \
Diameter

B=Apron Width Req'd
By Geuteulii.ical &
Hydraulic Factors

TV. Vertical Wall with
Lean Cement-filled Bag
Toe
Low-to-Moderate
Scour Potential
Site G

'/tt»*?r
/Cloloth Filter

Stack bags in general
configuration shown*(,
Bag sizes vary.

Passive Earth
Pressure Zone

II. Vertical Wall with Rock
Toe
Hoderate-to-Severe
Scour Potential

Stone or Cloth Filter
N

D = Median Stondt
Diameter

Passive Earth
Pressure Zon«

n* /

V. Vertical Wall with
Vegetative Toe
Low Scour Potential
Sites

.I/

passive Earth'
Pressure Zone

III. Vertical Wall with
Gabion Toe
Maderate-to-Se vere
Scour Potential
Sites

I ,

tcneor Cloth Filter

t = l.O',"1 1.5', or
\ 3.0'

I. - 4t to

Passive Earth (

Preseure Zone '/»'

VI. Vertical Wall with
Vegatative Toe and
Temporary Sill
Lot* Scour Potential
Sites

Sand bags or other
temporary protection
to assist establishme
of plantings

Passive Earth
Pressure Zone

St/

~\?

Figure 2-5. Seawall and bulkhead toe protection

where the stone diameter d can be related to the stone
weight W through Equation 2-22 by setting n equal to 1.0.
This is more restrictive than Equation' 2-27 and provides
an additional margin against variations in void sizes that
may occur as the armor layer shifts under wave action.
For large riprap sizes, each underlayer should meet the
condition specified in Equation 2-28, and the layer thick
nesses should be at least 3 median stone diameters.

For armor and underlayers of uniform-sized quarrystone,
the first underlayer should be at least 2 stone diameters
thick, and the individual units should weigh about
one-tenth the units in the armor layer. When concrete
armor units with KD > 12 are used, the underlayer should
be quarrystone weighing about one-fifth of the overlying
armor units.
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c. Plastic filter fabric selection. Selection of filter
cloth is based on the equivalent opening size (EOS),
which is the number of the U.S. Standard Sieve having
openings closest to the filter fabric openings. Material
will first be retained on a sieve whose number is equal to
the EOS. For granular soils with less than 50 percent
fines (silts and clays) by weight (passing a No. 200
sieve), select the filter fabric by applying Equation 2-29:

Figure 2-6. Toe aprons for sheet-pile bulkheads

\<'y.'Kf'.'.-''f •".':•''.yy.-y.̂ :'.'

£:if;!^kW: £:<(•'.!:•£*•••:;

giS;::̂ :̂::̂ ?̂:::?::̂ :̂?-̂ ^

^ :̂̂ ^ :̂̂ y^>^^>i<

•x-/y !••%•!•.'•'-x/ii-tiL-"- '.•'.•'. •n'.'jL-'.''.~~.''.m/\m~.a-~.m~.';s^

Figure 2-7. Value of Nt, toe protection design for vertical walls (from Brebner and Donnelly 1962)
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EOS sieve
< 1 (2-29)

For other soils, the EOS should be no larger than the
openings in a No. 70 sieve. Furthermore, no fabric
should be used whose EOS is greater than 100, and none
should be used alone when the underlying soil contains
more than 85 percent material passing a No. 200 sieve.
In those cases, an intermediate sand layer may provide the
necessary transition layer between the soil and the fabric.
Finally, the gradient ratio of the filter fabric is limited to
a maximum value of three. That is, based on a head
permeability test, the hydraulic gradient through the
fabric and the 1 in. of soil adjacent to the fabric (/,)
divided by the hydraulic gradient of the 2 in. of soil
between 1 and 3 in. above the fabric (ij) is:

Gradient ratio = _L < 3 (2-30)

Studies such as those in Chen et a). (1981) suggest that
these filter cloth selection requirements may be somewhat
restrictive.

d. Filter fabric placement. Experience indicates that
synthetic cloths can retain their strength even after long
periods of exposure to both salt and fresh water. To
provide good performance, however, a properly selected
cloth should be installed with due regard for the following
precautions. First, heavy armor units may stretch the
cloth as they settle, eventually causing bursting of the
fabric in tension. A stone bedding layer beneath armor
units weighing more than 1 ton for above-water work
(1.5 tons for underwater construction) is suggested (Dun-
ham and Barrett 1974), and multiple underlayers may be
needed under primary units weighing more than 10 tons.
Filter guidance must be properly applied in these cases.
Second, the filter cloth should not extend seaward of the
armor layer, rather, it should terminate a few feet land-
ward of the armor layers as shown in Figure 2-8. Third,
adequate overlaps between sheets must be provided. For
lightweight revetments this can be as little as 12 in. and
may increase to 3 ft for larger underwater structures.
Fourth, sufficient folds should be included to eliminate
tension and stretching under settlement. Securing pins
with washers is also advisable at 2-to 5-ft intervals along
the midpoint of the overlaps. Last, proper stone place-
ment requires beginning at the toe and proceeding up

REVETMENTS

SEAWALLS »nct BULKHEADS

•rap cloth vannd mtec

Figure 2-8. Use of filter cloth under revetment and toe
protection stone

the slope. Dropping stone can rupture some fabrics even
with free falls of only 1 ft, although Dunham and Barrett
(1974) suggest that stones weighing up to 250 Ib can
safely be dropped from 3 ft. Greater drop heights are
allowable under water where blocks up to 1 ton can be
dropped through water columns of at least 5 ft.

2-21. Flank Protection

Flank protection is needed to limit vulnerability of a
structure from the tendency for erosion to continue around
its ends. Return sections are generally needed at both
ends to prevent this. Sheet-pile structures can often be
tied well into existing low banks, but the return sections
of other devices such as rock revetments must usually be
progressively lengthened as erosion continues. Extension
of revetments past the point of active erosion should be
considered but is often not feasible. In other cases, a
thickened end section, similar to toe protection, can be
used when the erosion rate is mild.

2-22. Corrosion

Corrosion is a primary problem with metals in brackish
and salt water, particularly in the splash zone where mate-
rials are subjected to continuous wet-dry cycles. Mild
carbon steel, for instance, will quickly corrode in such

2-16
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APPENDIX B

CHEMICAL ISOLATION ANALYSIS

B.1 INTRODUCTION

Chemical transport into the cap, and evaluation of the cap thickness and cap material
requirements for chemical isolation, are discussed in this appendix. USAGE and EPA have
developed detailed guidance on the evaluation of these phenomena (USEPA 1998b; Palermo
et al. 1998). Chemical transport mechanisms evaluated include:

• Long-term molecular diffusion

• Long-term advection of dissolved and colloidal-bound contaminants in porewater

• Short-term advection of contaminants in porewater resulting from consolidation
of underlying sediments following cap placement

Evaluation of the long-term transport mechanisms is presented in Section B.2, and an evaluation
of the short-term mechanisms is presented in Section B.3. The design criteria resulting from the
chemical isolation analysis (i.e., required chemical isolation layer thickness and capping
materials constraints) are presented in Section B.4. The detailed model outputs, along with the
data used to estimate influent porewater concentrations and distribution coefficients, are
documented in Attachment B-l to this appendix.

To avoid unnecessary model runs for each detected chemical, a smaller subset of indicator
chemicals was evaluated in the chemical isolation analysis. Representative low-molecular-
weight polycyclic aromatic hydrocarbons (LPAHs), high-molecular-weight PAHs (HPAHs), and
other semivolatile organic compounds (SVOCs) are selected based on the individual chemicals
most likely to recontaminate capping material; the chemicals most likely to recontaminate the
cap are those chemicals with the highest detected porewater concentrations and the lowest
Sediment Quality Standard (SQS) values. Mercury was also evaluated as it was the only
inorganic that frequently exceeded the SQS in the remedial investigation (RJ) (USEPA 1998a).
As discussed in the pre-design investigation data summary (USEPA 2002a), the indicator
chemicals are:

• Naphthalene
• Acenaphthene
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• Dibenz(a,h)anthracene
• Fluoranthene
• Dibenzofuran
• Mercury

Designing the cap for isolation of these chemicals addresses the most mobile chemicals and thus
is protective for all of the chemicals of concern (COCs) identified hi the Marine Sediment Unit
(MSU).

The following sections are organized as follows:

• Section B.2 presents the baseline analysis of long-term chemical isolation. This
analysis was used to determine the COC that exhibits the greatest recontamination
potential (and thus "drives" the cap design) and to examine the sensitivity of the
analysis to variability in input parameters.

• Section B.3 examines the potential for short-term recontamination of the cap
resulting from consolidation of the underlying sediments and expression of
porewater upward into the cap.

• Section B.4 presents the actual chemical isolation design analysis for each
remediation area.

B.2 BASELINE LONG-TERM CHEMICAL ISOLATION

USAGE guidance (Palermo et al. 1998, Appendix B) discusses the relative importance of
advective/dispersive and diffusive transport (as quantified by the Peclet number) and presents the
appropriate analytical solutions to the resulting transport equations. As calculated in the
pre-design investigation data summary (USEPA 2002a), the Peclet number for this site is 0.56,
indicating that both advective/dispersive and diffusive transport processes are important.
Accordingly, the USAGE advective-dispersive cap modeling procedure is used in the long-term
chemical isolation analysis.

hi the following analysis, two endpoints are used to quantify the long term transport of
contaminants into the cap. These are:

• The time required for cap material to exceed the SQS for a given chemical, at the
top of the chemical isolation layer
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• The time required for porewater to exceed the state water quality criteria (WQC)
(marine chrome) for a given chemical, at the top of the chemical isolation layer

The design life of the cap is taken as the time for either of these endpoints to be reached. This
approach is inherently conservative. For example, compliance with the SQS is based on
measured concentrations in the top 10 cm of sediments, which would imply that contamination
of the chemical isolation layer, as well as the entire operational layer and a portion of the 15 cm
bioturbation layer, would be permissible before the SQS is exceeded in the top 10 cm of the cap.

B.2.1 Analytical Solution to the Transport Equation

USAGE guidance (Palermo et al. 1998, Appendix B) provides an analytical solution to the
transport equation that does not include a loss term for biological degradation of chemicals
within the cap. To allow for an evaluation of biological degradation during transport, a modified
solution to the transport equation is used (Van Genuchten and Alves 1982):

C/C0 = 0.5 exp[(v-m)x/2D] erfc[(Rx-mt)/2(DRt)'/'] (1)
+ 0.5 exp[(v+m)x/2D] erfc[(Rx+mt)/2(DRt)'/']

in which the intermediate argument "m" is defined as:

m = v[l+4uD/v2]1'2 (2)

and where:

C = porewater concentration in cap
C0 = influent porewater concentration
v = porewater velocity (interstitial velocity)
x = distance from bottom of cap
D = dispersion coefficient
R = Retardation Factor = l+Kd^cap*p/ne

t = time
K^ = distribution coefficient within the cap
p = bulk density
i^ = effective porosity
u = first-order decay constant
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The dispersion coefficient is estimated as:

D = Dwne'
/3+dv (3)

where:

Dw = binary diffusivity of the chemical in water
d = longitudinal dispersivity

It is important to note that the equations above reduce to equation B32 in Palermo et al. (1998),
for the case in which u = 0 (i.e., neglecting biodegradation). It is also noted that the term
definitions above are based on porewater velocity, whereas the equations presented in Palermo
et al. (1998) are based on the Darcy velocity. Thus, the terms v, D, and R must each be
multiplied by a factor of porosity to be equivalent to the terms U, D,̂ , and Rf (respectively) as
defined in the USAGE guidance.

B.2.2 Parameter Estimation

Table B-l summarizes the chemical-specific input parameters to the advective-dispersive cap
model. Table B-2 summarizes the physical input parameters. The "best estimate" values for
these parameters are described below; the sensitivity of the model to variations in these
parameters is discussed in a later subsection.

• C0. Calculations of C0 are based on the measured porewater concentrations from
the pre-design investigation, as reported in the pre-design investigation data
summary (USEPA 2002a). The 95 percent upper confidence limit (UCL) on the
mean is used as a conservative yet realistic estimate of porewater concentrations
entering the cap. These calculations are shown in Attachment B-l.

The estimation of K^ values can be accomplished using either site-
specific data from the porewater investigation or using a theoretical relationship.
For organic chemicals, K^^ is estimated based on the idealized relationship:

(4)

This relationship does not include a correction for dissolved organic carbon
(DOC), as DOC data are not available and this correction is typically small for all
but the most hydrophobic compounds such as HPAHs. Recently, investigators
(Chen, Kan, and Tomson 2000; Chen et al. 2000) have found that a portion of
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hydrophobic organic chemicals in sediment behave is if they are irreversibly
sorbed, and these chemicals may exhibit higher desorption Kj values than
adsorption Kj values. This effect suggests that there may be some uncertainty in
using K,j values obtained from porewater investigations (which are desorption K,,
values) to represent adsorption Kj values that apply to the cap material. While
similar phenomena are well-known for metals (Myers et al. 1996) it has only
recently been described for organics. Therefore, for organics, the theoretical
relationship above was used instead of the site-specific partitioning behavior
observed in the porewater investigation. For mercury, K ,̂.̂  was estimated based
on recently reported literature values, which are from adsorption studies. The
lowest of the recently reported literature values (2,500 L/kg) was used for mercury
(Turner, Millward, and LeRoix 2001). The sensitivity analysis uses the ranges of
observed values from the porewater study to evaluate the uncertainty in the value

• Dw. The binary diffusivity of the indicator chemicals in water is taken as 5 x
10"6 cmVsec (Palermo et al. 1998). As described in the guidance, binary
diffusivity does not vary greatly among high-molecular weight compounds.

• u. The biodegradation rate is conservatively assumed to be zero for all
compounds.

• v. The porewater velocity is based on the measured groundwater discharge rates,
as reported in the pre-design investigation data summary (USEPA 2002a). The
greatest absolute value of the measured groundwater velocity (0.0002 ft/day) is
used as a conservative estimate.

• d. The value for longitudinal dispersivity cannot be directly measured, but is
based on empirical observations of plumes in saturated flow conditions.
Dispersivity is scale-dependent, and typically falls in the range of 0.01 to 1 times
the scale of the system being modeled. Dispersivity may also be a function of the
heterogeneity of the installed cap material, with greater variations in hydraulic
conductivity resulting in higher dispersivity. Based on literature reviewed by
USAGE (Myers, Reible, and Easterly 2002), a dispersivity value of 0.01 times the
effective cap thickness is used as the best estimate for caps less than 4 meters
thick.

• ne. The effective porosity of the emplaced cap is dependent on the specific cap
material selected. The porosity may range from 0.25 to 0.5 for sand and 0.35 to
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0.5 for silt (Freeze and Cherry 1979), and the effective porosity is typically
slightly less than the porosity. Consistent with these ranges, a nominal value of
0.45 is assumed for both the effective porosity (nj and the porosity (n).

• p. The bulk density of the cap material is estimated from the particle mass density
and the porosity, by the relationship :

P = (l-n)*g (5)

where g is the particle mass density. Assuming a nominal value of 2.65 g/cm3 for
g (Freeze and Cherry 1979), p is estimated at 1.46 g/cm3.

• foc,caP- The caP organic carbon fraction is nominally estimated at 0.02, based on
analytical results of Duwamish River dredged material. The actual organic
content of the cap material may vary by remedial area, depending on other
required physical characteristics (such as particle size requirements) of the
capping material. Actual design values for f^jCap are presented in Section B.4.

B.2.3 Results

Table B-3 summarizes the results of the baseline long-term chemical isolation analysis. The
results are quantified in two ways:

• The predicted time for an indicator chemical in sediment to exceed the SQS at the
top of a 3-, 6-, and 12-inch chemical isolation layer

• The predicted time for an indicator chemical in porewater to exceed the WQC at
the top of a 3-, 6-, and 12-inch chemical isolation layer

Naphthalene exhibits the earliest breakthrough of the indicator chemicals, requiring 9 years,
35 years, and 130 years to exceed the SQS at the top of a 3-, 6-, and 12-inch chemical isolation
layer, respectively. Dibenzofuran exhibits breakthrough times almost identical to naphthalene.
Model results for the 12-inch chemical isolation layer are shown in detail in Part n of
Attachment B-l.

With the exception of fluoranthene, porewater concentrations were below WQC for all indicator
chemicals at all times. Fluoranthene would require more than 10,000 years to exceed WQC in
porewater for any of the assumed chemical isolation layer thicknesses.
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The model output was checked against an independent solution to the transport equations, to
ensure accuracy of the output. The parameters used in USAGE guidance example calculations
were input into the model, and the results were compared to the output of the example MathCad
model formulated by Danny Reible (Palermo et al. 1998, Appendix B). Aside from slight
rounding errors, the results were identical. These results are presented in Attachment B-l.

B.2.4 Sensitivity Analysis

To account for sample variability and other uncertainties in parameter estimation, the following
sensitivity analysis examines the effect of varying key parameters on the model output. All
sensitivity runs are based on the transport of naphthalene through the cap, as naphthalene (along
with dibenzofuran) exhibits the fastest breakthrough of any of the indicator chemicals.
Sensitivity is quantified as the predicted time for naphthalene to exceed the SQS at the top of a
12-inch chemical isolation layer. It is stressed that use of a 12-inch chemical isolation layer in
the sensitivity analysis is purely for illustrative purposes. Actual design values for the chemical
isolation layer thickness vary by remedial area and are discussed in Section B.4.2.

The following key parameters were examined:

• C0. The value of C0 was varied from a lower bound based on the mean of the
measured porewater concentrations to an upper bound based on the maximum
measured porewater concentration. As seen in the worksheets in Attachment B-l,
the maximum measured C0 generally compared favorably with the theoretical
solubility of the indicator chemicals (as estimated by Raoult's Law). The HPAHs
were exceptions, with maximum measured C0 values much greater than the
theoretical solubility values. This is likely due to HP AH sorption to dissolved
organic material. The fact that the maximum C0 approximated or exceeded the
theoretical solubility suggests that higher porewater concentrations do not exist
elsewhere within the MSU, even in localized areas that may have higher sediment
concentrations.

p' The value of K^ was varied based on the range of site-specific
partitioning observed in the porewater study. Site-specific distribution
coefficients are calculated for the MSU fill (K^^^ from the ratios of measured
chemical concentrations in sediment to those in porewater. K^ values in the
sensitivity analysis are based on the observed distribution coefficients in the
marine sediment unit fill (K^^f). The observed values of K^^^ account for both
dissolved and colloidally-sorbed contaminants, and are theoretically proportional
to the organic carbon fraction of the sediment (f^m^f) (Palermo et al. 1998,
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equation B8). The estimated value of K^cap must therefore be corrected to account
for the anticipated organic carbon fraction of the cap (f^^). Further, this
correction must be made on a sample-specific basis, due to the widely varying
observed values of f^m^f. Therefore, K ,̂.̂  is estimated for each sample result as:

Attachment B-l presents the sample-specific calculations of K ,̂, along with
statistical estimates of K^. In the sensitivity analysis, the value of K^ was
varied from a lower bound based on the minimum of the calculated sample-
specific results, to an upper bound based on the mean of the calculated sample-
specific results. For naphthalene, acenaphthene, and fluoranthene, the
theoretically-derived K,^ value falls within this range of empirically calculated
K^ values (see Attachment B-l). For dibenz(a,h)anthracene, the theoretical
K^ value is higher than the range of empirically calculated K^ values. For
dibenzofuran, the theoretical K^ value is lower than the range of empirically
calculated K^ values. For mercury, the range of empirically calculated K^^
values is consistent with recently reported literature values (Turner, Millward, and
LeRoix 2001).

u. The biodegradation rate varies widely among the P AHs, and can be affected by
site-specific factors such as temperature, PAH concentrations, presence of other
contaminants, and dissolved oxygen concentrations. The PSR sediments are
anaerobic, as evidenced by the low values of porewater dissolved oxygen (DO)
and Eh measurements. Absent a site-specific study of naphthalene biological
degradation at PSR, other sources of data were reviewed. Anaerobic
biodegradation rates for phenanthrene were measured on Eagle Harbor sediments
by the University of Washington Marine Bioremediation Group (Krieger-Brockett
et al. 1999). The first-order decay rate for phenanthrene was measured at 0.0025
per day using the "injection core" method. An extrapolation of this degradation
rate to naphthalene was made based on the compounds' solubilities; the calculated
naphthalene degradation rate using this extrapolation is 0.226 per day (Hart
Crowser 2002). There is some concern that the injection core method may over-
estimate the rate of degradation. Other reported degradation rates for naphthalene
are 0.0072 per day (for anaerobic groundwater) (Aronson and Howard 1997) and
0.041 per day in petroleum-contaminated sediments (Howard 1989). For the
purpose of this analysis, the intermediate value of these biodegradation rates
(0.041 per day) is assumed.

W:\06500\100% Design SubmittalVAppendix B.wpd



FINAL DESIGN SUBMTTTAL
PSR Superfund Site, Marine Sediment Unit Appendix B
RAC, EPA Region 10 Date: 02/03/03
Work Assignment No. 065-RD-RD-101L Page B-9

• v. The porewater velocity was varied by a factor of 2 for a lower bound estimate
of 0.0001 ft/day to an upper bound estimate of 0.0004 ft/day. This variation
accounts for potential inaccuracies in the groundwater discharge measurement
methodology, potential changes in porewater velocity that may be caused by use
of a capping material with an effective porosity different than the assumed value
of 0.45, and potential decrease in hydraulic conductivity of existing sediments
under the consolidation load of the cap.

• d. The value for longitudinal dispersivity typically falls in the range of 0.01 to 1
times the scale of the system being modeled. As previously discussed, the baseline
estimate of dispersivity is at the lower end of this range. Dispersivity was varied
upward for an upper bound estimate of 1 times the effective cap thickness.

• foc,cap- The cap organic carbon fraction was varied based on potential material
types for various cap areas. The base case value of 0.02 represents Duwamish
River dredged material. A lower bound estimate of 0.005 was used representing a
relatively clean sand or gravel. An intermediate estimate of to 0.01 was used
representing a silty sand or fine gravel with significant fines content. Adjusting
foc,cap to these lower values has two effects. First, K^cap is adjusted downward
[according to equation (4)], resulting in faster contaminant transport and lower
equilibrium bulk sediment concentrations. Second, the adjusted fc^ is used in
calculating the carbon-normalized sediment concentration. The net result is faster
contaminant transport but an unchanged equilibrium carbon-normalized sediment
concentration.

The sensitivity analysis is summarized in Table B-4. The predicted time for naphthalene to
exceed the SQS at the top of a 12-inch chemical isolation layer varied from a low of 35 years to a
high of more than 500 years under the varied parameters. Of the factors examined, the model is
most sensitive to three parameters: K^^, the biodegradation rate, and the cap organic carbon
fraction.

• The range of values considered for K ,̂.̂  (17 to 728 L/kg) is based on the range of
calculated site-specific values from the porewater study (presented in
Attachment B-l). The baseline K ,̂.̂  estimate is based on the theoretical value of
40 L/kg, which is substantially lower than the 95 percent lower confidence level
(LCL) of the calculated site-specific values, and so is considered conservative in
itself (i.e., the baseline estimate is probably less than the true value of K^). The
range of predicted performance (i.e., 90-year to 1,000-year recontamination of a
12-inch chemical isolation layer) using the range of calculated K ,̂.̂  values
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suggests that the baseline estimate (130-year recontamination of a 12-inch
chemical isolation layer) is conservative.

The baseline analysis assumed no biodegradation, which is a highly conservative
assumption particularly for the LPAHs. The sensitivity analysis results indicate
that naphthalene will never recontaminate the cap above the SQS if
biodegradation is accounted for.

The cap organic carbon fraction is the only parameter that can be substantially
controlled through specification of material type(s). However, cap materials
specification is also constrained by other engineering factors such as the required
erosion resistance of the material in various parts of the site, material placement
methods, and the aggregate properties of readily available materials. Section B.4
presents the required cap organic carbon content and associated chemical isolation
layer thicknesses for the various cap design areas hi the MSU.

B.3 SHORT-TERM LOSSES FROM CONSOLIDATION

As a result of porewater expression during consolidation of the MSU sediments under the load of
the cap, contaminants in porewater will migrate into the cap. This short-term effect, immediately
following cap placement, is assessed in this section.

B.3.1 Analysis of Consolidation of Underlying Sediments

A one-dimensional consolidation model was used to evaluate the compression (consolidation) of
the sediments during the cap placement process. The expected amount of compression was
estimated for two typical subsurface profiles as described below:

• PROFILE A, consisting of an upper highly compressible 3.5-foot-thick organic
silt layer overlying a thick layer of sandy silt to silty sand

• PROFILE B, consisting of sandy silt to silty sand without the upper highly
compressible layer

Only these two relatively simple profiles were used due to the relatively consistent lithology
across the site. PROFILE A was clearly identified at Boring B-5 and applies to most of the site.
PROFILE B is most relevant to the offshore deep-water area, where CPT profiles PI 1, PI5, and
PI 9 suggest the absence of the upper highly compressible organic sediments. These profiles,
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derived from the pre-design geotechnical investigations, are in good agreement with the results of
the RI borings (USEPA 1998a).

Consolidation tests were performed in the laboratory on selected samples of the sediments, as
reported in the pre-design investigation data summary (USEPA 2002). The highest
compressibilities measured from the tests were used to represent the sediments in the analysis.
Consequently, the results of the analyses are considered somewhat conservative, and likely
overestimate the actual consolidation magnitudes expected at most locations.

To represent the upper 3.5 feet of sediments in PROFILE A, the compressibility measured from
the consolidation test on the sample of organic silt labeled B5-1 (borehole 5 at a depth of 1 foot)
was used. The compression ratio (Cc') for this sample was measured at 0.182 based on
compression strain data, indicating the sediment is moderately to highly compressible. The
compression ratio is the parameter most commonly used to represent soil compressibility as
measured in the consolidation test.

To represent all the sediments below 3.5 feet in PROFILE A and all the sediments in
PROFILE B, the compressibilities measured from the consolidation tests on the samples of sandy
silt from B5-7 (borehole 5 at a depth of 16 feet) and B2-4 (borehole 2 at a depth of 8.5 feet) were
used. The compression ratio for both samples B5-7 and B2-4 was approximately 0.095.

For the purpose of computing the time rate of settlement, relatively freely draining layers were
assumed to exist within the poorly drained sandy silt deposits at vertical intervals of no more
than about 10 feet apart. These freely draining layers represent irregularly distributed
pockets/layers of sediments with more "granular" behavior that were observed in the borehole
logs and cone penetration testing (CPT) profiles. The settlement time-rate computations were
based on the coefficients of consolidation (Cv) measured in the laboratory consolidation tests,
but modified to account for the typical observation that sediments consolidate more rapidly in the
field than would be indicated by the laboratory values of Cv. The coefficient of consolidation
used for the upper organic silt layer and for the lower silt/sand layer were equal to 1.35 ftVday
and 10 fWday, respectively.

The results of the settlement computations are presented in Table B-5 and in Figure B-l as a plot
of sediments settlement versus cap thickness. An example output of the CONSOL model results
is presented in Attachment C-l to Appendix C.

About 90 percent of the settlements are expected to occur within a few days of placement of the
cap soil. Long-term secondary (creep) settlements will also take place within the sediments. The
magnitude of this type of settlement will be proportional to the secondary compression ratio
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measured in the laboratory consolidation tests. Secondary settlements were estimated to be on
the order of 3 to 4 inches in the 10 years following cap placement, which is not of concern for
cap stability but should be considered when evaluating bathymetric data from long-term
monitoring.

The estimated settlement values listed in Table B-5 are idealized in that they are based on the
presumption that the cap soil can be placed on the top of the sediments without mixing or stress-
induced distortion at the interface between the two materials. In reality, the coarse particles from
the cap material being placed will likely embed in and mix with the very soft upper sediments
until a sufficient mass of cap material is placed. In addition to vertical consolidation of the
sediments due to the pressure exerted by this mass of cap material, lateral deformation and
upward bulging of the upper organic silt layer along the edge of the cap "lift" is expected to
occur. This type of combined lateral and vertical deformation of the sediments, commonly
referred to as a "mud wave," will result in additional vertical settlement of portions of the cap. If
the cap pressure does not exceed the ultimate load-bearing limit of the sediments (i.e., the
"bearing capacity"), the additional settlement from the phenomenon described above is estimated
at less than roughly 30 percent of the consolidation settlement values.

B.3.2 Short-Term Contaminant Migration into Cap from Consolidation

The distance that the contaminant migrates into the cap during consolidation of the underlying
sediment is given by Palermo et al. (1998, Appendix B):

(7)

where:

Tj consol = cap chemical isolation thickness lost due to short-term consolidation
DLsed = sediment settlement distance

As previously described, the actual settlement distance will vary by location due to differing
sediment compressibilities and differing cap thicknesses. As a screening-level check, the
maximum settlement distance (17 inches, associated with a 5-foot thick cap) was evaluated for
each of the indicator chemicals. The calculation of Ticonsol is shown in the chemical isolation
analysis worksheets in Attachment B-l to this appendix. For all indicator chemicals, Ticonso| was
calculated at less than 1 inch. Therefore T; iConsol is considered negligible with regard to the total
cap thickness.
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B.4 CHEMICAL ISOLATION LAYER DESIGN CRITERIA

B.4.1 Approach

The various remediation areas have substantially different requirements for materials types
(associated with erosion and placement considerations), potentially widely varying materials
costs, and potentially different acceptable design lives. One objective of the cap design process
is to develop materials specifications that can be satisfied using available borrow sources or
dredged material, while minimizing the need to manufacture material to meet the various
specifications. With regard to chemical transport, the fraction of organic carbon in the capping
material is a prime consideration in the cap materials specifications.

The approach for specifying the chemical isolation layer thicknesses (Tf) for each remediation
area is as follows:

1. Preliminarily determine the general cap material type and source (based on the
erosion analysis and placement considerations)

2. Specify a reasonable f^^p considering the properties of available sources of
material

3. Consider overall cap thickness constraints and their impact on acceptable T;

4. Specify a Tj value that yields an acceptable design life (at least 100 years) for each
remediation area (the design life is defined as the predicted time for cap sediments
to exceed the SQS at the top of the chemical isolation layer)

B.4.2 Results

For each remediation area, the chemical isolation model was run assuming the values f^ cap and
Tj from the process described above. These model runs used the best estimate values for all other
parameters, and conservatively assumed no biodegradation. The resulting design life estimates
are therefore considered conservative. The chemical isolation model runs for each remediation
area are included in Attachment B-1.
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Table B-6 summarizes this process and presents a preliminary specification of fxcap and T; for
the various remediation areas, along with a conservative estimate of the resulting cap design life.
The cap design life estimate varies for the different remediation areas, as discussed below:

• RA1. A relatively thick Tf of 2 feet is specified, as this can be accomplished
without additional cost given the 5-foot-thick cap requirement in RA1. Although
relatively coarse materials will be required for the surface of RA1, a cap organic
carbon content of 0.5 percent is assumed for the sandy material in the chemical
isolation layer. This organic carbon content requirement will apply only to the
bottom 2 feet of cap placed in RA1 (i.e., a separate materials specification will be
developed for the bottom 2 feet of cap). A design life of 120 years is predicted
based on these parameters.

• RA2a and RA3. A Tj of 2 feet is specified. Although relatively coarse materials
will be required for the surface in these areas, a cap organic carbon content of
0.5 percent is assumed because a sandy material with significant fines content is
specified for the chemical isolation layer. This organic carbon content
requirement will apply only to the bottom 2 feet of cap placed in these areas (i.e.,
a separate materials specification will be developed for the bottom 2 feet of cap).
A design life of 120 years is predicted based on these parameters.

• RA2b. A Tj of 2 feet is specified. Medium sand upland material will be used for
cap material in this area, and a cap organic carbon content of 0.5 percent is
specified. A design life of 120 years is predicted based on these parameters.

• RA4. A Tj of 2 feet is specified and a cap organic carbon content of 0.5 percent is
specified for a medium sand upland material. These parameters yield a 120-year
design life for RA4, which is consistent with the expected frequency of seismic
events that may cause physical damage to this area (see Appendix C).

• RA5. A Tj of 1.5 feet is specified. A cap organic carbon content of 1 percent is
specified consistent with dredged material properties from the Snohomish River.
A design life of 140 years is predicted based on these parameters.

Because of the conservative assumptions in the chemical isolation modeling, the actual time
required for cap sediments to exceed the SQS at the top of the chemical isolation layer is
anticipated to be significantly longer than the design life estimates presented in this analysis.
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B.5 SUMMARY

The long-term chemical isolation analysis indicates that naphthalene and dibenzofuran are the
controlling chemicals for evaluating cap life. As modeled, cap life is limited by the time required
for naphthalene to recontaminate cap sediments at the top of the chemical isolation layer.
Biological degradation rates are considered uncertain, and were not accounted for in the base
case analysis. Accounting for biological degradation, cap life would be likely limited by other
chemicals with lower biodegradation rates, such as HP AHs, and substantially longer cap lives
would be predicted. Thus, the base case analysis is considered conservative.

The settlement induced in the existing sediments due to the weight of the proposed cap was
estimated using data primarily from laboratory tests. The initial settlement is expected to range
from approximately 4 to 5 inches for the thinnest areas of the cap to approximately 17 inches
where the cap thickness is 5 feet or greater in RA 1. An additional 2 to 4 inches of secondary
(creep) settlement could occur over a 10-year period. The settlement is not expected to adversely
affect the integrity of the cap. The estimated settlement distances (DL^j) described in this
section will be important when evaluating post-construction bathymetry for estimation of the
actual cap thickness.

Short-term losses in cap chemical isolation thickness from consolidation are considered to be
negligible and are not discussed further with regard to cap design.

Preliminary specification of fxcap and Tt have been developed, yielding estimated design lives
(for chemical isolation) ranging from 120 to 140 years for the various remediation areas. The
estimated design lives are considered conservative, and the actual cap lives will likely be much
longer as contaminants biodegrade. The design life estimate of 120 years in RA4 is
commensurate with the design level seismic event.

W:\06500\100% Design SubmittalXAppendix B.wpd
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Table B-l
Chemical-Specific Cap Model Parameters

Parameter' . •'. •, "•'• • ' - . . ' ' ':' ., ''.-.<• '. '.", > '' • '•] ; ."Units
Co - Influent porewater concentration
K^ap - Distribution coefficient in cap

Dw - Binary DifTusivity in water
u - Biodegradation rate
SQS - Sediment Quality Standard
WQC - Water Quality Criterion

Kg/L
L/kg

cm2/s
I/day

mg/kgOC
Mg/L

Basts '

95%UCL(1)
Theoretical (2)

Palermo e ta l 1998
Assumed
WAC 173-204-320
WAC 173-201 A

• - • . ' • • . • ' ' • ' '•':- '•• ' •.'-'"•• ' :"
: Naphthalene

725
40

5.00E-06
0
99

2350 (4)

Acennphthene,

132
142

5.00E-06
0
16

970^4)

. / ' ' • • " ' Chemical' > • ' • ' . ! • ' - ' • • - , • - . • • ' , - • • ' • . . • , • ' . ' • ' . . • : ' • ' :
1 Dibenzfa^tOanthracen'e • .

0.028
76000

5.00E-06
0
12
(5)

Fliiorantheae;

19.6
2140

5.00E-06
0

160
16

Dlbciizofuranv

75.9
26

5.00E-06
0
15
(5)

Mercury i . 1

0.016
2500

5.00E-06
0

0.41 (3)
0.025

Notes:

(I) 95% Upper Confidence Limit of measured porewater concentrations

W Kj.̂  - K.k, assumes k - 0.02

(3) Mercury SQS is mg/kg dry weight

(4) Lowest Observed Effect Level

(5) No criterion available

w:\06500\100% Design SubmittalVTables B-l and B-4.xls
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Table B-2
Baseline Physical Cap Model Parameters

• ' • ' • " • ...-. j'\ ~6araraeter . -. ' . ' •- .- ,•• /

Porewater velocity

Longitudinal dispersivity

Effective porosity

Bulk density

Cap organic carbon fraction

: : Symbol . ; • ••

V

d

He

P

^oc.cap

:-U ; i- ;\Jr ; Best Estimate Value '. ; '^' :

0.0002 ft/day

0.03ft

0.45

1.46g/cm3

0.02"

aUsed for baseline analysis only. Material-specific fx used for RA-specific design criteria in Table B-6.
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Table B-3
Summary of Baseline Chemical Isolation Model Inputs and Results

II ' • • ' ' '. 'i i- ' " t. ' ' ' .' -1' . .. . ' i '!• 'j , • , • , '!--_. ,• . .,1 . . • « ' ' • ' ' '' ' - " I ' l • '• '• ' ' ' ' '" ' '• ''"l *! • • : ' • . • - . • . •' i 1 •

! • • • • • , • • : . ; ; ! • ' ' • ;<,.::• * ' : :-':-:'r^:::^^.-^

: ;: ,i ',-' ,. ;, P.araiheter.';'-.;' ; . ;- ' ;v"' ; 1 . .

SQS

WQC

Co (95% UCL)

Sediment Concentration
(95% UCL)

Sediment Exceedance Ratio
(95% UCL)

Porewater Exceedance Ratio
(95% UCL)

Calculated K^
(95% LCL)

Theoretical Kdcap

'/•'••''Units'';'".::

mg/kgOC

Hg/L

HE/L

mg/kgOC

-

-

L/kg

L/kg

' ' ' . . , ' ' '

.Naphthalene

99

2,350

725

699

7.1

0.31

225

40

Acenaphthene

16

970

132

1,520

95

0.14

311

142

Dibenz(a;h;)~ ; i :
• ' : ' ' • ' anthracene'/"^

12

(5)

0.028

24.0

2.0

N/A

23,800

76,000

''. Fluor anthehe i.

160

16

19.6

2,890

18

1.2

1,990

2,140

!Dibenzofuran:i

15

(5)

75.9

1,060

70

N/A

439

26

• " ' ' • • ' ; ' . ! • . •

.•.:i,ir.y]Vlercur'y ; • , ! . ;

0.41 (4)

0.025

0.016

0.52 (4)

1.3

0.64

18,100

2,500-750,000 (3)

Calculated Cap Life Estimates for Chemical Isolation Layer Thickness T, = 0.25 feet

Time to Exceed SQS (1)

Time to Exceed WQC (2)

Years

Years

9

N/A

19

N/A

> 10,000

N/A

500

>10,000

9

N/A

> 10,000

N/A

W:\06500\100% Design SubmittalYTable B-3.wpd
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Table B-3 (Continued)
Summary of Baseline Chemical Isolation Model Inputs and Results

' •• : \ ' • ' " • ' . , : : A.v^.'-l1'1.'1^'' -••;':' ' ; '-',. • • • '' " • " ' , • i , , . ' !^!<! ,v-' . '• ':• '! ' - . ' • • . • • ' ' ; • . ' •
!,;,:.::; ..^Parameter : • • • . • • • • .;./.' " ' • : ' i Units' ' r ;

,;;>; ' •'• •>•'•;:«'•. ;; • --: •: ; : "'• :" ' I- :".-• . ';' •','• : . ;. '.,' ' ; . ' ; • ' . •; f,,-\ ': ', bhernic:al':::V' ;'' : <W i; ';•; .' j'" ;•' ' ' :'; ' :V; '• _ .''u ' ••• ': . ;•.'''• ';'; , , ' • ;;; r :

, Naphthalene
1 > , ?•* .• ••• ; • . ' 1- ••• • , * | ; '

Acenaphthene;i:
Dibenz(a,h)-'v;j

' i^'antHrace'ne i ;..'̂  ,Fluorahthene Dib'enzdfu.rah ,.;.
: ; ;^'V: ' ' \ 'v ' :V' '
,• ^-•'•Mercury.. ' - , . ' .

Calculated Cap Life Estimates for Chemical Isolation Layer Thickness T, = 0.50 feet

Time to Exceed SQS(l)

Time to Exceed WQC (2)

Years

Years

35

N/A

74

N/A

> 1 0,000

N/A

2,000

>io,ooo
37

N/A

>io,ooo
N/A

Calculated Cap Life Estimates for Chemical Isolation Layer Thickness T, = 1.00 feet

Time to Exceed SQS(l)

Time to Exceed WQC (2)

Years

Years

1 30

N/A

280

N/A

>io,ooo
N/A

7,400

>io,ooo
130

N/A

> 1 0,000

N/A

Notes:
(1) Time at which sediment will exceed the SQS at the top of the assumed chemical isolation layer. Overlying sediments would still be below SQS at this time
(2) Time at which porewater concentrations will exceed the WQC at the top of the assumed chemical isolation layer. Overlying porewater would still be below
WQC at this time
(3) Turner, Millward, and LeRoix 2001- Lowest value used
(4) Mercury SQS and sediment concentrations in mg/kg dry
(5) No criterion available
N/A - Chemical concentration never exceeds the criterion or no criterion exists
All results based on fK = 0.02

W:\06500\l00% Design SubmittalVTable B-3.wpd
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Table B-4
Sensitivity Analysis of Long-Term Chemical Isolation Analysis

r&v -V-". -ParainetefJ-.V/A; ; " ' - • • ' v_

C0 - Influent porewater concentration

K^cap - Distribution coefficient in cap

u - Biodegradation rate
v - Porewater velocity

d - Longitudinal dispersivity

f"oc,cap - Cap organic carbon fraction1"

All parameters

r_ i '•'"-*•' '; K ;.-

r UnifrV

Hg/L

L/kg

I/day
ft/day

ft/day

mg/mg

-

. . ;Eistimati>J ""i
Mijfcmge -V i ;

Upper Bound
Lower Bound
Upper Bound
Lower Bound
Upper Bound
Upper Bound
Lower Bound
Upper Bound

Intermediate

Lower Bound
Best Estimate

'Parameter"
V "Value -:^

2400
364
728
17

0.041
0.0004
0.0001

0.5
0.01C

0.005d

-

;;:>Tiffi£t<Fj/:

5*ciE$<i;SQSar -;

:"'•-.'• U*f)^"l:^
85
190

1,000
90

Never
115
140
55

65

35
130

"All times are for exceedance of naphthalene SQS at top of chemical isolation layer, assumed T, = 1.0 feet

Adjusting Px ^ also requires adjusting the best estimate K^^.

"Theoretical Kj^p = 20 L/kg assuming foc,cap = 0.01

'Theoretical K^^p = 10 L/kg assuming foc.cap = 0.005

Notes:
ft/day - feet per day
L/kg - liter per kilogram
ug/L - microgram per liter
mg/mg - milligram per milligram
SQS - Sediment Quality Standard

W:\06500\l 00% Design SubmittalYTables B-l and B-4.xls
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Table B-5
Estimated Primary Settlement of Sediments

.= X .. Reniediaitibn; :„ , ̂ Ip.;
V^^-^-Area..- t^.:? .T"i-

RA1

RA2.RA3

RA4

RA5

RA5

RA5

';-; ^Assumed Cap "
~'-""7.':" r," '. ;' • i T* - .• " ."

" • .: : Thickness; . , i

{:kr^w5-;^"W;'\
5

3

1.5

5

3

1.5

•J. J-:Subsurface;"_ ;;- i .:
-•^-yi^WQPILE^ "^"V.

A

A

A

B

B

B

-; -;V Primary • ^ ;"
r JiiL: ;^JS<ihleinent ^g--,.
-:.'•;• !L ^ (inches) r*4v": "- ^

17

12

5

13

8

4.5

W:\06500\l 00% Design Submittal\Appendix B.wpd
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Table B-6
Design Criteria for Chemical Isolation

Remediation:
"-.-" 'i---' V.: •:;":"-•!r-r'.- Area -r-

RA1

RA2a and
RA3

RA2b

RA4

RA5

:,;^": Assumed ?
: ..Material ' /.

Upland Sand
and Gravel

Upland Sand
and Fine
Gravel

Upland
Medium Sand

Upland
Medium Sand

Dredged
Material

'•V - v Special. Gap ?-"- v-~
. 'VL^^i;;ThkIuie^':^._w:^;j'
s :•-;"-•-•• ;-'. Constraints '.* .: '--ci- :-li

Minimum Ttota) = 5 feet per
ROD

Minimize T10UJ to reduce
dredge requirements, reduce
materials costs, and minimize
load at top of slope

Minimize Ttotal to reduce
materials costs, and minimize
load at top of slope

Minimize Ttotal to reduce
materials costs, and produce
design life commensurate with
design seismic recurrence
interval.

None

Specification
.:: ̂ titi^p

0.005

0.005

0.005

0.005

0.01

;:'Specificatipff-.'
•}-'•'': :{qf^:f^f4

v.v(feet)^>- ^

2

2

2

2

1.5

E Design

^.t^W
;.\Estimafe^
i^(years)^

120

120

120

120

140

a Conservative estimate assumes no biodegradation
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Table C-1
Design Distribution Coefficients and Porewater Concentrations:

Naphthalene

Chemical
Literature Koe
Assumed Cap Foe

SOS
WQC

Location
201-H
202-H
205-H
204-H
203-H
208-H
202-L
205-L
201-L
203-L
206-L
204-L

PortWM.r
Naphthalene

ug/l
RESULT Qua). CALC

0.13 0.16

78 J 78
14 14

950 J 950
340 J 340

0.69 0.66

290 J 290
22 J 22
0.) 0.3

270 J 270
0.84 0.84

2400 J 2400

Count 12
Mean 363.88
3D 697.68

95% Cl 361,70
95% UCL 72S.38
Max 2400

Sediment
Total Organic Carbon

S
RESULT Qual. CALC

2.01 2.01

2.38 2.36

18.5 18.5

2.47 2.47

1.J2 1.62

3.51 3.J1

3.24 3.24

20.1 20.1

2.06 2.08

1.53 1.53

5.58 5.58

1.65 1.65

Count 12
Mean 5.38
SO 6.61

95% Cl 3.43

95.% UCL 6.80
Max 20.1

Sediment
Naphthalene

mg/Xg •
RESULT Qual. CALC

0.091 0.091
9.1 J 9.1
120 J 120
44 J 44
4.3 J 4.3
4.4 J 4.4
9.5 J 9.5
130 J 130

0.27 0.27

13 J 13
4.8 J 4.6
2.4 J 2.4

Count 12
Mean 26.47
SD 46.63

95% Cl 24.17
85% UCL 52.64
Max 130

Sfdlment
Naphthalene

mg/kgOC
CALC

4.53

385.59
648.65

1781.38
282.89
125.36
293.21
646.77
13.11

849.67
82.44

145.45

12
438.25
503.45

261.00
699.25

1781.38

Count
Mean
SO

95% Cl
95% LCL
Minimum

Observed
Kd,«ed
Ukg

569
120

8571

46
13

5000
33

5909
900
48

5476
nfc

11
2425.92
3159.01

1726.33
699.59

13

Count
Mean
SD

95% Cl
95% LCL
Minimum

Predicted
Kd,cap
Ukg

566
101
927

38
17

2849
20

588
674

63
1963

nfc

11
727.72
919.16

502.30
225.42

17

. Observed Sediment Concentrations vi.
Porowater Concentrations

Summary of Co and Kd.cap Parameters

Lower Bound
Bett EMImate
Upper Bound
Theoretical Value

Co
(ug/L) Bailt

363.6B mean
725.33 95%UCL

2400 max
4400 Raoul's Law

: Naphthalene

Kd,cap
(L/Kg) Bailt

17 mln
225 CSS LCL
728 mean

40.00 oKoc x foc.cap

Sediment and Porewater

Exceedance Ratios

SQS Exceedance Ratio
(99tt UCL)

WQC Exceedance Ratio
(95H UCl)

7.08

0.31

Notei:
CALC • calculated result atiumes 1/2 detection I mil for U-quaWed data
Co • porewater concentration entering cap
Cl • confidence Interval
foe • fraction organic carton
H- High Tide
L-Low Tide
Kd.cap - predicted distribution coefficient In cap
Kd.sed • observed sediment distribution coefficient
n/c • Porewater resuts from 204-L are beloved to result from a sheen and are not used to calculate partitioning coefficients
95% UCL • 95% Upper confidence limit, assumes normal distribution
9i% LCL • 95% Lower confidence limit, assumes normal distribution
RaoulTs Law theoretical solubility as reported In PSR Rl, Table 3-4

Formulae:
Based on the observed Kd.jad values, Kd.cap values are calculated as:
The theoretical Kd.cap value Is calculated as:
The observed sediment distribution coefficients are calculated as:

Kd,cap • Kd,sed x foc,cap/foc,sed
Kd,ldeal»Kocxfoc,cap
Kd.sed • Csed/Cpw

1of6 Kd Worksheets.*. • Naphthalene D. Schuchnrdt 5/29/2002
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Table C-2
Design Distribution Coefficients and Porewater Concentrations:

Acenaphthene

Chemical
Literature Koc
Assumed Cap Foe

SQ8
WQC

Location
J01-H
202-H
205-H
204-H
203-H
208-H
202-L
205-L
201-L
20S-L
206- 1.
204-L

Pore Water
Acenaphthene

ug/l
RESULT dual. CALC

0.012 J 0.012
200 J 200
72 J 72

120 J 120
65 J 65

0.15 0.15
270 J 270
39 J 39

0.18 0.16
110 J 110

0.16 0.16
160 J 160

Count 12
Moan 96.29
SO 99.69

95* Cl 45.97
95* UCL 132.26
Max 270

aedlment
Total Organic Carbon

N
RESULT Qual. CALC

2.01 2.01
2.36 2.36
18.5 16.5
2.47 2.47
1.52 1.52
3.51 3.51
3.24 3.24
20.1 20.1
2.06 2.06
1.53 1.53
5.59 5.59
1.65 1.65

Count 12
Maan 5.38
SO 6.61

95* Cl 3.43
95* UCL 8.60
Max 20.1

Sediment
Acenaphthene

mgAg
RESULT Qual. CALC

0.067 0.067
90 J 90

160 J 160
30 J 30

5.6 J 5.6
1.9 J 1.9
96 J 96

100 J 100
0.11 0.11

•19 J 18
1.7 J 1.7
1.5 J 1.5

Counl 12
Mean 41.24
SO 53.90

95* Cl 27.94
95* UCL 69.19
Max 160

Gedlment
Acenaphlhene

mgrkgOC
CALC

3.33
3913.56
964.86

1214.57
368.42

54.13
2654.32
497.51

5.34
1176.47

30.47
90.91

12
997.93

1202.96

623.65
1521.47
3913.56

Court
Mean
SO

95* Cl
95* LCL
Minimum

Obeerved
Kd.sed
Ukg

5583
450

2222
250

66
12667

319
2632

868
164

10625
n/e

11
3244.06
4466.66

2452.98
791.09

66

Count
Maan
SD

95* Cl
95* LCL
MMmum

Predicted
Kd,cap
Ukg

5556
361
240
202
113

7217
197
262
667
214

3908
rVe

11
1714.41
2598.72

1403.75
310.66

113

Observed Sediment Concentrations vs.
Porewater Concentrations

100 160 200

Cpw, UBA

Summary of Co and Kd.cap Parameters:

Co
(ugft.) Basts

Lower Bound 86.29 mean
Best Estimate 132.26 95HUCL
Upper Bound 270 max
Theoretical Value 150 Raout's Law

Acenaphthene

Kd,cap
(Ukg) Basis

113 mln
311 95* LCL

1714 mean
141.60 nKocxfoc.cap

Sediment and Porewater
Exceedance Ratios

SQS Exceedance Ratio
(95S UCL)

WOC Exceedance Ratio
(95K UCL)

95.1

0.14

Notes:
CALC - calculated result assumes 1/2 detection Imll for U-quaDlled data
Co • poreweter concentration entering cap
Cl • confidence Interval
foe • fraction organic carbon
H - High Tide
L-Low Tide
Kd.cap • predicted distribution coefficient In cap
Kd,sed • observed sediment distribution coefficient
n/e • Porewater results from 204-L are beloved to result from a theen and are not used to calculate partitioning coefficients
95* UCL • 95* Upper confidence Imlt, assumes normal distribution
95* LCL • 95* Lower confidence limit, assumes normal distribution
Room's Law theoretical solubility as reported In PSR Rl, Table 3-4

Formulae:
Baaed on the observed Kd.sed values, Kd.cap values are calculated as:
The theoretical Kd.cap value Is calculated as:
The observed sediment Attribution coefficients are calculated as:

Kd.ctp • Kd,«ed x foc,cap/foc,sed
Kd,ldeal«Kocxfoc,cap
Kd,sed«Csed/Cpw

2 of 6 Kd Worksheets.xls • Acenaphlhene D. Sehuehardt 5/W2002
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Table C-3
Design Distribution Coefficients and Porewater Concentrations:

Dlbenz(a,h (anthracene

Chemical
Uleralure Koe
Assumed Cap Foe I

Location
201-H
202-H
203-H
204-H
203-H
206-H
202-L
205-L
201-1
203-L
206-L
204-L

Pore Water
D!benz(a,h)anthracene

ug/l
RESULT QuaL CALC

0.0033 U 0.00315
0.038 U 0.019
0.057 J 0.057
0.024 J 0.024

0.0065 U 0.00325
O.OOS3 U 0.00315

0.032 U 0.016
0.057 0.057

0.0063 U 0.00315
0.0064 U 0.0032
0.0067 U 0.00335

0.021 J 0.021

Count 12
Mean 0.02
SD 0.02

95* Cl 0.01
95S UCL 0.03
Max 0.057

Sediment
Total Organic Carbon

%
RESULT Qual. CALC

2.01 2.01
2.36 2.36
18.5 16.5
2.47 2.47
1.52 1.52
3.51 3.51
3.24 3.24
20.1 20.1
2.06 2.06
1.53 1.53
5.58 4.S8
1.65 1.65

Count 12
Mean 5.36
SD 6.61

95HCI 3.43
95H UCL 8.80
Max 20.1

Sediment
Dlbenz(a,h)anthracene

mg/kg
RESULT QuaL CALC

0.086 0.086
0.87 J 0.87
7.7 J 7.7

0.56 J 0.56
0.07 J 0.07
0.25 J 0.25
0.94 J 0.94
5.1 J 5.1

0.11 0.11
0.15 J 0.15
0,34 i 0.34
0.19 J 0.19

Count 12
Mean 1.36
SD 2.43

95* Cl 1.26
95% UCL 2.63
Max 7.7

Sediment
Dlbenz(a,h)anthraeene

mg/kgOC
CALC

4.28
36.86
41.62
22.67

4.61
7.12

29.01
25.37

5.34
9.80
6.09

11.52

12
17.03
13.47

3.99
24.01
41.62

Count
Mean
SD

95SCI
95H LC'L
Minimum

Obierved
Kd,sed
Ukg

27302
45789

135086
23333
21538
79365
58750
83474
34921
46875

101493
n/C

11
60357.05
36742.02

20076.69
40278.35

2153*

Count
Mean
SD

95HCI
9SH LCL
Minimum

Predicted
Kd,cap

L/kg

27166
38805
14604
18893
28340
45222
36265
8903

33904
61275
36377

n/c

11
31795.80
14708.13

8037.67
23758.13

6903

Observed SwUmont Concontratlons vs.
PoriWttvr Concentrations

0.02 0.03 0.04

Cpw.UQfL

Summary of Co and Kd.cap Parameters:

Co
(ug/L) Basis

Lower Bound 0.02 mean
BeatBitlmate 0.03 95UUCL
Upper Bound 0.057 max
Theoretical Value 0.0001 Rnoult's Lew

Dlbenz(a,h)anthr

Kd,cap
(L/kg) Bull

6903 mln
23759 95HLCL
31796 mean
76000 eKocxfoe.cao

cene Sediment and Porewater
Exceedance Ratios

3Q3 Exceedance Ratio
(95% UCL)

WQC Exceedance Ratio
(95% UCLI

2.0

N/A

Now:
CALC • calculated reiul assumes 1/2 detection limit (or U-quanfled data
Co • porewater concentration entering cap
Cl • confidence Interval
foe • fraction organic carbon
H- High Tide
L-Low Tide
Kd,cap • predicted distribution coefficient In cap
Kd.ied • observed sediment distribution coefficient
n/o * Pomrater resuts (ram 204-L era beloved to mmt (ram a sheen and are not us«d to calculate partitioning coefficients
95W UCL • 95H Upper confidence Irrtl, assumes normal distribution
95tt LCL • 95% Lower confidence limit, assumes normal distribution
Raoul's Law theoretical solubility as reported In PSR Rl, Teble 3-4

Formulae:
Based en the observed Kd.ied values, Kd.cap values are calculated as:
The theoretical Kd.cap value Is calculated as: .
The observed sediment distribution coefficients ere calculated as:

Kd,cap • Kd.sed x foc,cap/(oc,sed
Kd,ldeal«Kooxfoc,cap
Kd,sed*CsecVCpw

3of6 Kd Woftsheets.xls • Dlben2(a.h)enthracene D. Scnuchardt 5/29/2002
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Table C-4
Design Distribution Coefficients and Porewater Concentrations:

Fluoranthene

Chemical
Literature Koo
Assumed Cap Foe

Location
201-H
202-H
205-H
204-H
203-H
208-H
202-L
205-L
201-L
203-L
206- 1.
204-L

Port Water
Fluoranthene

ug/l
RESULT dual. CALC

0.042 J 0.042
12 J 12
39 J 38
17 J 17
10 J 10
0.2 J 0.2
14 J 14
33 J 33
1.4 J 1.4
12 J 12

0.41 J 0.41
19 J 19

Count 12
Mean 13.09
SO 12.41

95% Cl 8.47
95% UCL 19.56
Max 39

Sediment
Total Organic Carbon

%
RESULT Qual. CALC

2.01 2.01
2.38 2.36
18.5 18.5
2.47 2.47
1.S2 1.52
3.J1 3.51
3.24 3.24
20.1 20.1
2.08 2.06
1.S3 1.53
5.58 5.51
1.65 1.65

Count 12
Mean 5.3S
SD 6.61

85* Cl 3.43
95H UCl 8.60
Max 20.1

Sediment
Fluoranthene

mg/kg
RESULT Qual. CALC

1.4 1.4
d9 J 99

1100 J 1100
86 J 66
t.2 J 8.2
4.3 J 4.3
110 J 110
670 J 670
1.7 J 1.7
17 J 17

9.4 J 9.4
13 J 13

Count 12
Mean 175.00
SO 346.19

85% Cl 179.47
95H UCL 354.47
Max 1100

Sediment
Fluoranthene

mg/kgOC
CALC

69.65
4194.92
5945.85
2672.06
539.47
122.51

3395.06
3333.33

82.52
1111.11
189.46
787.88

12
1969.56
1877.87

1025.38
2893.96
5945.95

Count
Mean
SO

95% Cl
95% LCL
Minimum

Obeerved
KcLsed
Ukg

33333
6250

28947
3892
920

21500
7857

20303
1214
1417

22927
n/c

11
13877.36
12001.73

6558.66
7116.69

620

Count
Mean
SO

85% Cl
95% LCL
Minimum

Predicted
Kd,cap
I/kg

33187
6992
3129
3144
1079

12251
4850
2020
1179
1852
9219

n/c

11
7080.03
9319.02

5092.63
1987.39

1079

Obeerved Sediment Concentration! ve.
Porewaler Concentration!

Summary of Co and Kd.cap Parameters;

Co
(ug/L) Bull

Lower Bound 13.09 mean
Bett E< llmale 19.58 BSHUCL
Upper Bound 38 max
Theoretical Value 8.0 Raoulfs Law

Fluoranthene

Kd,cap
(Ukg) Basil

1079 mln
1917 95% LCL
7080 mean
2140 •Kocxfoc.cap

Sediment and Porewater
Excudance Ratios

80S Exceedance Ratio
(95S UCL|

WQC Exceedanci Ratio
(95H UCU

18.1

1.22

Note*:
CALC • calculated retul astumei 1/2 detection IM for U-quaOfled data
Co • porewater concentration entering cap
Cl-confidence Interval
(oc • fraction organic carbon
H • High Tide
L-Low Tide
Kd.cap - predicted Distribution coefficient In cap
Kd.jed • observed sediment distribution coefficient
n/c • Porewater results from 204-L are beaevad to res Jt from a sheen ant) ere not used to calculate partitioning coefficients
95% UCL • 85% Upper confidence Omit, assumes normal distribution
85% LCL • 95% Lower confidence On*, assumes normal (attribution
Raoufs Law theoretical tcJubltty as reported In PSR Rl, Table 3-4

Formulae:
Based on the observed Kd.sed values, Kd.cap values are calculated as:
The theotrtlol Kd.cap vatia Is calnMed as:
The observed sediment distribution coefficients an calculated as:

Kd,cap « Kd,«td x foc.cap/foc.ted
Ktf,)dea> •Kocxfoc.cap
Kd,sed«CsecVCpw

4 of 6 Kd Worksheets .)d« • Fluoranthene D. Schucliardt 5/29/2002
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Table C-€
Design Distribution Coefficients and Porewater Concentrations:

Dlbenzofuran

Chemical
Utirtture Hoc
Assumed Cap Foe

Location
201-H
202-H
20S-H
204-H
203-H
208-H
70W.
205-L
201-L
203- 1.
206-1
204-L

Pore Water
Dlbenzofuran

ug/1
RESULT Qua). CALC

0.021 U 0.014
100 J 100
12 12
74 J 78
33 J 33

0.074 0.074
170 j 170

14 14
0,074 0.074

81 J 61
0.081 0,081

100 J 100

Com 12
Mean 47.33
SD 94.96

85% Cl 26.49
95H UCL 75.65
MM 170

Sediment
Total Organic Carton

S
RESULT QuaL CALC

2.01 2.01
2.36 2.36
19.9 18.5
2.47 2.47
1.S2 1.52
3.51 3.51
1.14 S.24
20.1 20.1
2.06 S.06
1.53 1.53
9.58 3.58
1.65 1.65

Count 12
Mean 5.38
SD 6.61

85% Cl 3.4J
95H UCL 8.80
Max 20.1

8>dlmmt
Dlbanzofuran

me/kg
RESULT QuaL CALC

0.072 0,072
62 J 62
62 J 82
24 J 24
3.4 J 3.4
1.3 J 1.3
60 J 60
67 J 67

0.1 0.1
13 J 13
1.1 J 1.1
1.3 J 1.3

Count 12
Mean 26.27
SD 31.82

85* Cl 18.49
95* UCL 42.77
Max 82

Sediment
Dlbenzofuran

mgftgOC
CALC

3.58
3627.12

443.24
971.66
223.68
J7.04

1851.85
333.33

4.85
849.67
19.71
76.79

12
620.38
839.07

434.99
1055.37
2627 15

Count
Mean
SO

95% Cl
95H LCL
Minimum

Ob«»rv«d
Kd,nd

L/kg

5143
620

6833
308
103

17568
353

4766
1351
213

13560
rtfc

11
4623.44
5970.23

3262.60
1360.64

103

Count
Mean
SD

95% Cl
95% LCL
Minimum

Predicted
Kd.cap

L/kg

5117
525
739
249
136

10010
218
476

1312
279

4867
n/c

11
2175.30
3178.10

1738.70
438.53

136

Obtervtd Sediment Concentrations vs.
Porewater Concentrations

Summary of Co and Kd.cap Parameters:

Co
(ug/L) BKle

Lower Bound 47.39 mean
Bett Estimate 75.15 95HUCL
Upper Bound 170 max
Theoretical Value 260 RKXWsLtw

Dlbenzofuran

Kd,c«p
(lAg) Bails

1)6 mln
439 95% LCL

2175 mean
26 «Kocxtoc.cap

Notes:
CALC • calculated reiun anumes 1/2 detection Ml for U-qualffled data
Co • ponxrater concentration entering cap
Cl • confidence Interval
foe • fraction organic carbon

Sediment and Porewater

Exceedance RMIoi

80S Exceedance Rotlo
(95H UCL)

WQC Exceedanoe Ratio
I95S UCL)

70.4

N/A

L- Low Tide
Kd,cap • predcted distribution coefficient In cap
Kd.sed - observed tedlment distribution coefficient
n/o • Porewater results from 204-L are beteved to result from a sheen and are not used to calculate partitioning coefficients
95% UCL • 95% Upper confidence limit, assumes normal distribution
95% LCL • 85% lower confidence Irrtt, assumes normal distribution
RaouK's Law theoretical solubility as reported In PSR Rl, Table 3-4

Formulae t
Based on trie observed Kd,ied values, Kd.cap values are catenated at:
The theoretical Kd.cap value 19 calculated as:
The observed sediment distribution coefficients ere calculated as:

Kd,cap « Kd,sad x foc,cap/toc,sed
Kd,ldeai>Kooxfoc,cap
Kd,«.d • Csed/Cpw

5 of 6 KdWorftheeti.*!- Dlbeniofuran D. Schuchardt 6/29/2002
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Table C-6
Design Distribution Coefficients and Porewater Concentrations:

Mercury

Ch.mlcal
Literature Koo
Assumed Cap tot I

80S
WQC

RmgAg(dry)

Location
201-H
202-H
205-H
204-H
20J-H
206-H
202-L
205-L
201-L
203-L
203-L
204-L

PoreWater
Mtreuiy

ugl)
RESULT Qual. CALC

0.014 0.014
0.0143 0.0143
0.0053 0.0059
0.0139 0.0139
0.0127 0.0127
0.0103 0.0103
0.0208 0.0206
0.005 U 0.0025

0.0168 0.0168
0.0193 0.0193
0.0167 0.0187
0.0129 0.0129

Count 12
. Mean 0.013

SO 0.005

95% Cl 0.003
95% UCL 0.016
Max 0.0206

.Sidlnwnt
Total Organic Carton

%
RESULT QuaL CALC

2.01 2.01
2.38 2.36
18.5 18.5
2.47 2.47
1.52 1.52
3.S1 3.51
1.24 3.24
20.1 ' 20.1
2.06 2.06
1.53 1.53
5.58 5.58
1.65 1.65

Count 12
Mean 5.38
SD 6.61

95tt Cl 3.43
95H UCL 6.80
Max 20.1

Sediment
Mercury
mg/kg

RESULT Qual. CALC
0.398 J 0.398
0.433 J 0.433
0.665 J 0.665
0.308 J 0.308
0.329 J 0.329
0.338 J 0.338
0.453 J 0.453
0.696 J 0.696
0.427 J 0.427
0.466 1 0.486
0.148 J 0.548
0.138 J 0.138

Count 12
Mmn 0.43
SD 0.15

95S Cl 0.08
95S UCL 0.52
Max 0.696

Count
Mean
SD

95% Cl
95* LCL
Minimum

Observed
Kd,te(J

Ufcg

28429
30260

112712
22156
25906
32816
21990

276400
25417
25181
32614

nfc

11
57627.47
77608.50

42411.32
15416.15

21990

Count
Mean
SD

95% Cl
95* LCL
Minimum

Predicted

L/kg

28287
25661
12185
17942
34086
18696
13574
27701
24676
32917
11761

rvc

11
22499.07
8090.96

4421.53
18077.54

11761

Observed Sediment Concentration! v>.
Porewater Concentrations

Summary of Co and Kd,eap Parameters: Mercury

Co Kd,cap
(ug/L) Basis (Ukg) Bnls

Lower Bound 0.013 mean 11711 irdn
B.«E«llmate 0.016 95KUCL 18078 95* LCL
Upper Bound 0.0206 man 22499 mean
Theoretical Value : 2.MO • 750,000 (1)

Sediment and Porewater
Exceedance Ratios

80S Exceedance Ratio
(95% UCL)

WQC Exceedance Ratio
(95% UCL)

1.J

0.84

Notes:
CALC • caleubted reiuk Msumt» Ml detection Imtt (or U-quaDfled data
Co • porawaler concentration entering cap
Cl • confidence Interval
foe • fraction organic carbon
H-High Tide
L-Low Tide
Kd.cap • predicted distribution coefficient In cap
Kd.sed • obterved sediment distribution coefficient
nfe - Porewitet te*J!> from 2044. are beleved to resin from a sneen and are not used to calculate peitlllonlng coefficients
95% UCL • 95S Upper confidence emit, assumes normal distribution
95% LCL • 95S Lower confidence Ifrtl, assumes normal distribution
(1)-Turnerelal. 2001

Formulae:
Based on the observed Kd.sed values, Kd,cap values are calculated as:
The theoretical Kd.cap value Is calculated as:
The observed sediment distribution coefficients are calculated as:

Kd.cap • Kd,sed x foc,cap/foc,sed
Kd.ldeal • Koe x foc,cap
Kd,«ed"Cted/Cpw

6of6 Kd Worksheets.** • Mercury D. Scriucrtardt 5/29/2002
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Kd*foe'..
R*1<<IU.cap-p)ina
P"g(1-n)
v-K'l/M

*tfva TranaMrt Pormulaa:

Chemical Isolation Analysis for Naphth--
PSR Superfund Site

0 • OvKnMfl) « cv
a -0.011

Waflofl 1M1.p,106
WaRonlltl.p.m
Kryrdna ana Judd,1M7, p.iw
Bnaar valocfly calculation

Partitioning dallnllon [too nota 2)
[taa noli 1)
T.Mayara2001(USACE)

C/Co* fl(XJ) • (O.StEXP(VO'eR/'C()Q)4<o.oteM»(Y)1ERPC(Z))
W- «WB)'xyC'D)
X« <RlMir'iy(80RT(4'OlR1»
Y- «VMI)'>)/rrO)
Z • JVMmWORT^'O'RTj)
m. V(SORT(H<(4VD)««))
ERPCfl* 1-ERFfl

Van 0«nucM*n ind AN«t (1IB2)
ID TRANSPORT SOLUTION
Adipud from tpmdiniil provide by
M.eminy.usAce

JO/L
0.1144 cm

0 /I
Kd.cip 40 ml/g
D JJE-0! cmuic

T.05CE-06 em/ite

(IOEL)

CONCINTIUTtON PROnt.BI THROWN CAT AT OIVIK T1MI
Coneantf man vi. dlitinct ompm t

Po»water C vs. x at Olven Tim*

1.00 1.10 2.00

Dlitmo« from Oip Bitten |

C<p KdlmtM CinoittMon Prodte «t ai«in Tim.

DtfUM* Pr4n CM B«tMI

0
Dw

OljM
(M
B
HL
I
Kd
Kd,cip
Koc
L
n
ni

Ponnntar oncanMon h cap (ugl) 1 |ig •
Inrwant porawitar concardrallon (ueL) 1 « wt <
cap aadhvam concantntlon (mg/kgoC) 1%vit<
dUpanMy(cnQ Imgn
dbpanlon cooffldont (cmM) 1 day •
bhaiy ounaMy of chamtcal In walar (cmU)

nniouallon dapln «f iidxian 01)
cap matailal organic urtan Mellon 0
mall partlcla dantlry (gnVcmS)
ha»Ba(d)
naad oratftnl (nol ut«d)
IhaorMkal dUtmnnlon coafflclart (lAj)
cap dWittullon coafflclant (Likg)
aolhwalorpamlon coafflclant (g/g)
IMdcnnofcaptrl)

(fool-
1 (I/day •

Duttdan»y(gni/cin>)
mardallon factor (A
Sl«. sadtaanl Oually Standard (maftg of moyltgOC)

1.000E-OJ fm
1.0 IgnOOml

1.00E404 mgt.
1000 lit

turn aac

104> cm
O.OOOU3TB cm/iac

Cap INcknall toil dua 10 anpraiilon of porawatai dialng conuOdatlon (II)
nrtl ordar dtcay tonnara (1A)
avaraga Ihaar growdwalar v«IMty (cm/I) (imaturad)
dlttanca from cap bonm (em)
stalo walat QuiHy Citanon (ugA.)

CONCINTRATION PROPILIS AT TOP OP OHIMICAL ISOLATION LAYIR

an vi. lima output taaeMi

Kflll H fTop of ahomloal laolaflon tavan

Porawtter C va. Tim* it Olv*n Location

ANALVIIS OP CAP LOIUS OURINO OONIOb.. . .ON

Pomtuti for sriort>Tarm ODntamlnant Migration
Duo t» CofliolldaBon

Tl.conaM • OUad / (rrt«'Kd.cap)

Cap tnlcktMaa laat du« to aipraaalan of porowator

Tl.coniol • 0.024 foal (lyplcally n.(lgBI«)

Blapa>dttnw(yn

Cap Sadlmont CanaMCraBon Prafllo It Ol»an Loaatlon

PSR Cap Modal vl jti. Naphlhalano 0. Schuchlrdl tatllim



Chemical Isolation Analysis for Naphthater)
PSR Superfund Site

MPUT

I fdivl 1 tt«d x (HI x (eml
96900 1.1(E*0( 0,00 0.0
16(00 1.156+0! 0.01 14
31100 1.1!E*01 0.12 3.7
3(900 1.116«9 0.18 94
31900 1.19E40( 0.24 74
1((00 l.HEtOt 040 (.1
36(00 1.166*01 OJI 11.0
31500 1.1(E«09 041 124
1UOO 1.1(E<0( 0.45 144
31(00 3.16E«09 0.94 1(4
36900 .19E+09 0.60 16.3
36800 .156*01 0.66 10.1
31600 .KE409 0.71 11.9
31900 ,1«E*0! 0.78 134
3(900 ,1!E*01 0,(4 2(4
3(600 .15E*0» 0.90 274
31600 .186.09 0.96 29.3
36900 .15E+09 1.01 11.1
36900 ,1»E«Ot 1.08 32.9
36(00 .156*01 1.14 34.7
3(900 ,15E*OI UO 3(4
36900 .156*01 U6 1(4
31100 .166*01 142 404
3(900 .1SE+09 1.3( 42.1
36(00 .156*0! .144 414
11(00 1.156+09 1,90 49.7
1((00 1.19E«0( 1.U 474
3(900 l.I9E*OI 1.62 4(4
9(900 3.16E+01 1.66 (14
11500 1.19E40( 1.74 (1.0
31500 l.1B6rtl 140 641
1(900 1.156.09 149 ((.7
1(100 3.116«> 142 (84
1(900 3.166.09 • 149 (04
1(900 1.19E+W 2.04 (1.1
16(00 3.186*01 2.10 (44
36900 1.16E*0» 1.K ((.(
1(900 1.18E+08 2J2 (7.7
3(900 3.19B40< 2» ((.(
1(900 3.166.01 144 71.9
19900 9.19E409 140 71.2
19(00 J. 166*09 24( 7(4
3(900 1.15E+0! 1J51 7(4
11(00 3.156*01 2.68 7(4
11900 1.156.0! 244 (04
31500 1.156+01 2.70 (14
1(800 1.1(E40( l.Tt (4.1
1(800 3.16E408 2.62 66.0
11(00 1.156*01 24( (74
1(900 1.16E«I • 2.94 ((.(
11900 1 16C+09 340 914

CALCULATIONS

W X 1-tRPfiO V 2 1-CRP(Z^
0400 -1.71E.02 1.099 O.OOOE+00 04(( 0401
OttO (42C-M 04» 3412E-02 0.1(1 0.787
0.000 1416-01 04(7 (414E-01 OJ71 0.111
0.000 143E-01 0.7(3 IJ1SE-02 0471 0.600
0.000 249E-01 04(3 1. 1216-01 04(9 0411
0.000 141E41 (.((( 14HE-01 -0.159 04K
0.000 4.7(841 04(9 1.817E-01 0491 0.169
0.000 (.7X41 0.411 14KE-01 0.74( 0.190
0.000 MtE-01 0.146 1.1416-01 0442 0414
0.000 740641 0.2(1 l.((1E41 0.9« 0.1M
0.000 8.666-01 0.227 3.1126-01 1410 0.149
0.000 (4(6-01 0.1(0 1441E-01 1.129 0.111
0400 1.046*00 0.140 1474E-01 UK 0.0(9
0.000 1.14E+00 0.101 44056-01 1411 0.0(9
0.000 Ulg-100 0.082 4416E-01 1407 0.047
0.000 143E+00 0.0(1 4466E-01 1.902 0.034
0.000 142C+00 0449 S.298B41 1.898 0.024
0400 141E+40 0412 (.(ME-01 1.MO 0.017
0.000 1.116.00 0.021 6.1116-01 1.7(4 0.012
0.000 1.706*00 0.011 (J82E-01 1479 040(
0.000 1.600*00 0.011 1.1246-01 1473 0.001
0.000 1.116*00 0.007 (4WE41 14(7 0403
0.000 1496.00 0.009 7.21(6-01 1.1(1 0.001
0.000 2.086*00 0.003 7417E41 1.251 0.001
0.000 !.17E*00 0,001 7.M8E-01 24(0 0401
0.000 2.27E+00 0.001 8-2716-01 1444 0.001
0.000 2JSE+00 0.001 (411E-01 141( 0400
0.000 24(6+00 0401 (442E-01 1(31 0.000
0.000 2.616*00 0400 (471C-01 2.727 0.000
0.000 2.156+00 0.000 (404E-01 2421 0.000
0.000 2.746*00 0400 1.1166-01 2411 0.000
0.000 J. 136*00 0.000 14176+00 1410 0.000
0.000 2.116+00 0.000 1 .0800.00 1.104 0400
0.000 1.026*00 0.000 1.0136+00 1.198 0.000
0400 1.126*00 0.000 1.1216*00 1.2(3 0400
0.000 1.21E+00 (.000 1.1516+00 34(7 0.000
0.000 3J16+00 0.000 1.1925*00 14(1 0.000
0.000 1406.00 0.000 1JJ6E+00 1479 0.000
0.000 149EMO 0.000 1.2666+00 1470 0.000
0.000 1.816+00 0.000 1-2)26*00 1.7(4 0.000
0.000 1.1(6*00 0.000 UJSE+00 1499 0400
0,000 1.7(E«00 0.000 1.1916.00 1492 0.000
0.000 3.(7E«00 0.000 14116+00 4.047 0.000
0400 1.17E+00 0.000 14246+00 4.141 0400
0400 4.046+00 0400 14676+00 4419 0400
0.000 4.19E+00 0.000 14906+00 44M 0.000
0.000 4366+00 0.000 1.HW+W 4414 0.000
0.000 444E400 0.000 1. 5576+00 4418 0.000
0.000 4446+00 0400 1.6K6+00 4411 0.000
0400 4.8)6+00 0.000 1.6236+00 4.701 0.000
0000 4(1E*00 0000 1,(((E400 4401 0000

OUTPUT
•lifl woo CI»,D tei cmi«,(|

fuo/LI (Ufirt.1 rmafraOCI IfmolVoOCI
14000 2390.00 725.00 (1.00 14(0.00
0.9002 2190.00 (9841 (9.00 111(4(
041(2 2110.00 ((1.01 (9.00 11(241
0.7226 119040 (24.08 (9.00 1048.12
0.1121 2390.00 4(9.87 (940 (17.73
0.9470 21(0.00 1((4( 9940 7)1.11
04115 13(0.00 118.11 (8.00 S78.ll
04914 11(0.00 18448 tt.OO (1(42
04264 2150.00 236.93 99.00 471.91
04U1 1350.00 19149 (9.00 3(9.7(
04144 1350.00 19941 (9.00 310.89
0.1701 1390.00 113.39 99.00 24(.7(
0.1331 2390.00 9(40 (9.00 193.00
0.1029 1350.00 74.11 ((.00 148.U
0477( 2350.00 5(47 (9.00 112.71
0.0611 2390.00 42.10 (1.00 (4.19
0.0427 1390.00 10.98 99.00 (1.69
0.0309 31(0.00 ».19 99.00 44.78
04120 2360.00 16.94 99.00 3149
041(4 23(0.00 11.17 9940 22.34
0410( 2390.00 7.70 (9.00 1940
0.0071 21(0.00 5.11 (9.00 10.49
0.0049 1190.00 149 99.00 6.97
0.0011 1180.00 2J» (9.00 4.61
04020 2110.00 14( (9.00 249
0.0011 299040 044 ((40 14(
OJJ006 215040 04( ((40 1.17
0.0009 23(0.00 0.16 (9.00 0.72
04001 2150.00 0.23 9(40 041
0.0002 2350.00 0.13 ((40 OH
0.0001 2350.00 0.01 (9.00 0.19
04001 2390.00 0.04 (9.00 049
04000 1190.00 0.02 ((.00 0.0(
04000 1390.00 0.01 ((40 0.03
04000 2390.00 0.01 ((.00 0.01
0.0000 23(0.00 040 ((.00 0.01
0.0000 2390.00 0.00 ((.00 0.00
0.0000 2390.00 0.00 (9.00 0.00
04000 2390.00 0.00 9940 0.00
04000 2190.00 0.00 9140 0.00
04000 2190.00 0.00 ((.00 0.00
0.0000 2390.00 0.00 (940 0.00
0.0000 2390.00 0.00 99.00 0.00
04000 239040 0.00 99.00 0,00
04000 2390.00 0.00 99.00 0.00
04000 2190.00 0.00 (9.00 0.00
04000 1390.00 0.00 99.00 0.00
04000 1390.00 0.00 9940 0.00
04000 219040 0.00 99,00 0.00
04000 2390.00 0.00 99.00 040
00000 1150.00 0.00 (9.00 0.00

WPUT

I MI I rmi x ffn x reirrt
0 O.OOE+00 14 304

104 1.156+01 14 30.9
204 1J16+01 14 10.9
10.0 (4CE4C9 14 104
404 USS«0( 1.0 304
50.0 1J5I£+01 14 304
(0.0 1.696*09 1.0 104
70.0 U1K«( 14 104
(0.0 2.52E+09 1.0 104
(04 244E+09 14 104

1004 3.1(E+«9 14 304
110.0 3.476*0! 14 104
120.0 3.7ee*o» 1.0 304
130.0 4.IOE+09 14 304
140.0 442E409 1.0 104
1(0.0 4.736*0! 1.0 304
1(0.0 (43E+01 14 30.9
1704 (4(E+0( 1.0 304
1(0.0 (48E409 14 30.9
190.0 9.99E449 1.0 10.9
200.0 (41E*0( 1.0 104
110.0 1.126+01 1.0 104
1104 1.H6+OI 14 104
230.0 7 .256*0! 1.0 304
240.0 7.176*01 1.0 304
UO.S 74(E«» 1.0 104
2604 tiOE+01 14 104
2704 (.616+09 14 304
2(0.0 1.116+01 1.0 104
1(04 (.15E«0» 14 104
3004 (46E409 14 104
310.0 9.71E+09 14 30,9
120.0 1416.10 14 104
3104 144E+10 14 104
340.0 1.076+10 14 304
3904 1.10E+10 1,0 ' 304
3(04 1.146+10 1.0 104
170.0 1 .176+10 14 104
3(04 1.206.10 14 104
190.0 U1EHO 14 104
400.0 U6E»10 14 304
410.0 1.HE+10 14 104
4204 1J2E+10 14 304
410.0 1J46+10 14 104
4404 149Et10 1.0 104
4904 1A2E+10 1.0 W4
4(04 1466+10 1,0 104
4704 1486+10 14 104
480.0 1416+10 1.0 104
4(0.0 1466+10 14 104
(000 1486+10 1.0 104

CALCULATIONS

0400 (QtVAl (DMA! (410E41 fONJOl (ON/01
0.000 444E+00 0.000 9420E-01 4416 0.000
0400 147E400 0.000 (420E-01 1432 0.000
(400 2426+00 0.000 64206-01 2.91 ( 0.000
0400 2416+00 0401 1420E-01 1.519 0.000
0400 1.11E+00 0402 (420E-01 1.2(4 0.001
0400 1.116+00 0.004 (420E-01 1.096 0.001
0.000 140E400 0.011 64206-01 1491 0.00!
0.000 1.ME+00 0419 1420&01 1.138 0401
0400 1 .676+00 0.021 (420E-01 1.73! 0414
0400 1466*00 0418 1.6206-01 1489 0.019
0400 1416*00 0.047 8420E-01 1.690 0.026
0400 144E+00 0.041 6420E-01 1.610 0.010
0400 1.2(6+00 0.071 8.6206-01 1478 0417
0400 1 .226+00 0484 5.620E-01 1412 0.043
0400 1.11E+00 0.0(7 (420E41 1490 0.041
0400 1.116.00 0.110 1.5206-01 14(1 0.086
0400 1.096+00 .121 6.5206.01 UK 0.0(1
0.000 1066+00 .111 6.5206-01 1.209 0.011
0400 142E«0 .1(0 54206-01 U(1 0.079
0400 1476-01 .111 5.6206-01 UK 0.0(1
0400 1476-01 .176 5.6206-01 1.211 0,0(7
0400 9-296-01 .1(9 6.6206-01 1.1M 0,0(1
0.000 941E-01 .202 6.6206-01 1.1(( 0.016
0.000 1.716-01 414 14206-01 1.190 0.104
0400 (46E-01 0.227 6420E-01 1.112 0.109
0400 (41C-01 Oill (420E-01 1.111 0.115
0400 1.126-01 0.291 9420E-01 1.100 0.120
0400 742E-01 04(3 (420E-01 1.066 0.129
(400 7.738-01 0.274 (420E-01 1.072 0.128
0.000 7466-01 0.281 64206-01 1.099 0.134
0.000 7.116-01 0.1(7 (410E-01 1.047 0,139
0400 7.216.01 0.309 6420E-01 1439 0.143
0.000 7.C9E41 041( (420E-01 1.024 0.147
0.000 1.90E-01 0429 8,920E-01 1.014 0.192
0400 1.766-01 0440 14206-01 1.004 0.161
0400 1.I1E-01 0460 6.6206-01 0.999 0.190
0400 (4(E41 04(0 (420&01 0.9U 0.1(1
0400 (49E41 OJ11 6.6206-01 0477 0.1(7
0400 (.22E-01 0479 6420E-01 04(9 0.171
0400 (.106-01 04(( (420141 0.9(1 0.174
0400 6486-01 04(8 6.9206-01 0494 0.117
0400 S.67E41 0407 64206-01 0.847 0,1(1
0400 1.766-01 0.416 6420E41 0.940 0.1(1
0400 6.166-01 042! (420E-01 0.611 0.187
0400 (440-01 0411 9MCE-01 0.827 0.1*0
0400 944E41 0442 (420E41 0421 0,183
0400 (44E41 04(0 (420E41 0.116 0.1M
0.000 9.256-01 0456 (420E41 0.809 0.1((
0400 6.166-01 0.411 (420E41 0404 0401
0.000 (.0(641 0.474 5.9306-01 0496 0.204

OUTPUT
B|<,« WOO C|»,t) til CI«dU,l)

lun l̂ luo/LI Imo/koOCI llmd/fcaOCl
•DW/01 21(0.00 BD1WOI 99.00 SOIV/OI
0.0000 2190.00 0.00 99.00 0.00
0.0000 2190.00 0.00 99.00 0.00
0.0001 2190.00 0.09 ((.00 0.10
O.OOOt 2150.00 0.42 99.00 0.86
0.0022 21(0.00 140 ((.00 3.20
0.0084 2380.00 3.81 ((.00 74(
0.0104 21(040 7.54 ((40 1947
0.0170 2150.00 11.38 (9.00 24.7
0.0191 21(040 16.21 99.00 164
04346 13(0.00 24.10 99.00 49.9
0.0447 2390.00 31.42 99.00 (4.(4
0.0557 13(040 40.17 (940 (0.7
0.0(71 11(0.00 49.70 (9.00 974
0.0790 11(0.00 57.21 (9.00 114.97
0.0(11 1190.00 U.03 99.00 131.09
0.1012 11(040 74.69 (9.00 149.U
0.1194 2390.00 834( (9.00 1(7.37
0.1171 13(0.00 (1.49 (9.00 1(448
0.13(1 1160.00 101.23 99.00 202.46
0.1818 23(0.00 109.07 99.00 119.74
0.1911 2190.00 111.3! (9.00 21(.7(
0.1749 2350.00 128.77 99.00 2(3.94
0.1112 2160.00 136.01 (940 270.01
0.1974 1360.00 143.0( ((.00 2K.17
0.20(1 2190.00 161.00 ((.00 10149
0.21(0 31(0.00 1((.74 99.00 1174(
042(4 2150.00 1(642 ((.00 332.64
0.23(6 2160.00 173.73 99.00 347.41
OJ41I 2190.00 1(0.97 99.00 1(1.99
0.29(4 2990.00 19(49 99.00 371,10
0.2111 11(0.00 1(44( 99.00 16(91
OJ781 1390,00 201.72 99.00 403.44
04879 2190.00 20(41 19.00 416.61
04<12 2130.00 214.76 99.00 429.81
04049 21(0.00 221.09 ((.00 442.10
04134 21(0.00 227.20 99.00 4(4,19
04117 1350.00 213.20 99.00 46(40
042(7 2190.00 219.07 99.00 479.14
0.1177 139040 244.60 ((.00 411.10
0.14(4 1190.00 29040 (9.00 90040
0.19K 13(0.00 1S9.U 99.00 611.75
0.3(03 1390.00 1(1.23 ((.00 92249
04979 2390.00 2(646 99.00 (3243
0474( 2190.00 27146 99.00 949.16
03115 21544Q 17(49 ((.09 Ul.11
040(3 2330.00 211.41 99.00 (12.97
04(49 2330,00 211.25 ((.00 (72.99
04013 2390.00 290.97 99.00 9(143
04077 2190.00 29948 (9.00 9(1.12
0.4119 23(0.00 100.09 6900 (00.11

Mtftti mm Equinon B-28, OuUinci l» SubiquMin OriOgM liWulit Cipplng. IquniM ifm By i odor of porotlty dm lo mrwilon of lirmi

PSR Clp MM«I v] jji. Ntph»lil<n« 0. SchUClurdl U2B/2002



Chemical Isolation Analysis for AcenapK |
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Chemical Isolation Analysis for Acenaphthefl
PSR Superfund Site

tltrfi ifnc) xffli «(m)
iiftoo 3.i6e*o* 0.00 04
36900 1.188*09 o.oi 14
16900 l.iee*0( 0.1J 1.7
»tOO 1.16B409 0.11 84
1IHO 1.16E*09 OH 74
1IMO 1.1(E*0> OJO >.1
19900 i.i6B*o( . 0.10 114
HMO 1.18E«9 043 11.6
31900 1.16E*09 048 14.4
9CSOO 3.19E*0( 044 1«.«
JtMO 1.16E409 OJO 10.1
16800 3.16E*0( 0.(( 20.1
KSOO 1.1SE-W) 0.7] 21J
3(900 3.16E*09 0.71 23.8
»900 3.16E*0( 0.84 28.1
HMO 1.192*01 OJO 274
3(800 ».i8E»o» 0.96 194
HMO 3.19E4C9 1.02 11.1
11600 1.19E«09 149 32.1
HMO 3.19E*09 1.14 14.7
HMO 1.16B409 UO MJ
HMO 1.16E-W9 Ml 184
11800 3.16E*0( . 141 40.1
»MO 3.1(E*09 t.18 42.1
19900 3.18E+C( 144 41.9
HMO l.t(E*0( UO 49.7
11900 3.19E*0( 148 47J
HMO 3.1SE«0( 1.92 494
19900 3.150*01 1.98 8U
19900 3.16E*0( 1.74 814
19900 1.I6E*0( UO MJ
99(00 3.16E*0( 1J9 B6.T
HMO i;i(E»0( tJ2 884
HMO 1.19CW9 1.99 804
19800 3.1>E«K 144 91.1
19900 1.16E*0( 2.10 84.0
19(00 1.19E*0( 2.18 68.8
J8SOO 3.1IE*M 2.22 (7.7
19900 3.1(E*09 1.39 ((.(
19800 ],1(E*0( 2.M 71.3
18900 3,16E«0( 240 73.1
19800 1,1(E«0( 148 78.0
1(800 1,1(E*09 242 76.6
18(00 3.19E*09 249 76.8
19800 3.192*09 2.64 804
1(800 3.16E*09 1.70 834
18(00 1.1(E«09 2.76 84.1
HMO 1.1(E«M 2.82 86.0
16900 3.186*09 2.89 67.6
16900 3.I6E*06 1.84 69.6
3(900 3 19E+09 100 914

CALCULATION^

W X 1-ERfrtt Y Z 1-ERFI7I
0.000 -4.68E-02 1.093 0400E*00 0.047 0.947
0.000 1406-01 0.6(4 1J1IS-01 0.324 0.793
0.000 347E-01 0.8«4 6434E-02 0401 0471
0.000 444E-01 0494 (J36E-03 0477 0414
0400 (.416-01 0.1(0 142«E-01 0.7(4 0288
0.000 1.176-01 OJ3I 1.999B-01 0.911 0.199
0.000 1.01E*00 0.19t 1J97B-01 1.109 O.ItT
0400 1.16S400 0491 3J16B-01 1.283 04(9
0.000 14TC*00 048} 2.648E-01 1462 0.031
0.000 144E*00 0429 2.981E-01 1416 0420
0400 1.71E»00 0418 14126-01 1416 0.010
0400 1.90E*00 0407 1.941E-01 1493 0409
0400 349E+00 0403 3.874E-01 2.199 040]
0400 J.HEtOO 0.001 4408E-01 1441 0401
0400 341E«00 0.001 4.6161-01 2421 0400
0.000 2.81E400 0400 4.998E-01 1.700 0.000
0400 2.7(E*00 0.000 SiMt-01 2479 0.000
0.000 2J8E400 0400 8.6306-01 3493 0.000
0.000 1.14E*00 0400 (491E-01 1.230 0400
0400 3410*00 0400 9.293E-01 1407 0400
0.000 14(E*00 0400 (424B-01 3484 0400
0400 ].(7B*00 0.000 (JUE-01 3.761 0400
0400 3.646*00 0.000 7J64E-01 3439 0.000
0400 4476*00 0.000 7.6176-01 4.114 0400
0400 4.10E400 0.000 7.M9E-01 4291 0.000
0.000 4.37E*00 0.000 6J7IE-01 4469 0400
0.000 4492*00 0400 9.611E-01 4448 0400
0400 4.73E«00 0400 0.942B-01 4422 0400
0.000 4J1E400 0.000 6.273E-01 4.818 0400
0400 8.09E-KIO 0.000 8.804E-01 9.176 0400
0400 6.2(E«00 0.000 9.93SE-01 (4(2 0400
0400 J44E+00 0400 1427E«00 (426 0.000
0400 6.61E*00 0.000 1.0106*00 9.709 0400
0400 (.7(E*00 0400 1491E«00 . 9.993 0400
0400 8J7E*00 0400 1.12(6*00 94(0 0400
0400 (.14E«00 0400 1.168E+00 9.217 0.000
0400 (JJEtOO 0400 1.K2E400 6414 0400
0.000 8.ME+00 0400 1il8E*00 64M 0.000
0400 6.97E«00 0400 U»9E»00 6.767 0400
0400 648E400 0.000 1JI2E-WO 6444 0400
0400 7.036*00 0400 14162*00 7.131 0.000
0400 7.30E400 0.000 1.39«B«0 7JI9 0.000
0400 7J9E400 0400 1.191EWO 7479 0.000
0400 7.9IE400 0400 1424E440 74(1 0400
0400 7.71E400 0400 1J»7E«0 7429 0.000
0400 7J1E<00 0.000 1490E400 940( 0.000
0400 (.081*00 0.000 1423E*00 (.1(2 0400
0400 9J7E«00 0400 1.U7E400 . 8J88 0400
0.000 8441*00 0.000 1,»OE*00 (436 0.000
0400 6.62E-KO 0.000 1.623E*00 6.713 0.000
0400 8 90E*00 0 000 1 996E+00 6 (90 0 000

OUTPUT
•da woe c(«.n tat ci.«i«fl

_fv0yi.l luo/il jmg/kgoeiJimoAaOO).
1.0000 970.00 132.00 18.00 I34.98
0.9199 970.00 107.16 19.00 791.21
0.937] 970.00 84.11 19.00 99944
04797 (70.00 93.79 14.00 44449
OJ1W ' 970.00 44.47 19.00 11926
0.1190 970.00 10.21 19.00 114.01
0.1471 97040 19.41 It.OO 137.84
0.0697 (70.00 11.84 16.00 61.61
0.0816 970.00 9.91 19.00 49.16
04281 970.00 1.71 19.00 2941
0.0149 970.00 1.91 1(40 11.93
0.0071 97040 0.94 18.00 9.99
1.0033 97040 041 19.00 3.09
0.0014 97040 0.19 19.00 Ul
0.0009 970.00 049 19.00 0.84
0.0002 970.00 0.03 18.00 011
0.0001 970.00 0.01 19.00 0.09
0.0000 970.00 0.00 19.00 0.03
04000 (70.00 0.00 1(40 0.01
0.0000 (70.00 0.00 1(40 0.00
04000 (70.00 0.00 1(40 0.00
04000 (70.00 0.00 1(40 0.00
04000 (70.00 0.00 19.00 0.00
0.0000 (70.00 0.00 1(40 0.00
0.0000 970.00 0.00 19.00 040
0.0000 970.00 040 19.00 0.00
0.0000 970.00 0.00 19.00 0.00
0.0000 970.00 0.00 1(40 0.00
0.0000 (70.00 0.00 1(40 0.00
0.0000 (70.00 0.00 1(40 0.00
04000 (70.00 040 1(40 0.00
04000 (70.00 040 1(40 0.00
0.0000 (70.00 0.00 1(40 0.00
0.0000 (70.00 0.00 19.00 0.00
0.0000 970.00 0.00 19.00 0.00
0.0000 970.00 040 19.00 0.00
0.0000 970.00 0.00 1(40 0.00
04000 (70.00 0.00 1(40 0.00
04000 (70.00 0.00 1(40 0.00
04000 (70.00 0.00 19.00 0.00
0.0000 970.00 0.00 19.00 0.00
0.0000 970.00 0.00 19.00 0.00
0.0000 970.00 040 19.00 0.00
04000 (70.00 0.00 1(40 0.00
0.0000 97040 0.00 1(40 0.00
0.0000 (70.00 0.00 1(40 040
0.0000 (70.00 040 1(40 0.00
0.0000 970.00 0.00 1(40 0.00
0.0000 (70.00 0.00 19.00 0.00
0.0000 970.00 0.00 19.00 040
0,0000 97000 0.00 1609 0.00

INPUT

ifyr) MMC) x(m ntfln)
0 O.OOE*00 1.0 304

10.0 1.1(2*09 14 30.9
10.0 (J1E*0( 14 10.6
10.0 64(e*09 1.0 10.9
404 1.MO06 14 104
80.0 U9E*09 1.0 10.6
604 149E*» 14 10.8
70.0 3.11EM9 14 104
(04 141E*0( 1.0 M.(
(0.0 l.(4e*09 1.0 104

100.0 3.iee*o9 1.0 io.s
110.0 347E*09 1.0 10.9
110.0 3.78E*09 1.0 104
130.0 4.10E«09 1.0 10.9
1404 442E*09 1.0 30.9
180.0 4.73E*08 14 104
1804 9.08e+09 1.0 304
170.0 «JIE«> 1.0 304
180.0 9.9(E*0( 1.0 304
190.0 9.((C*09 1.0 10.9
100.0 9J1E*09 1.0 104
210.0 9.6!E*0( 1.0 104
130.0 6.84E*09 1.0 104
1104 7J8E*08 14 104
140.0 747E*09 14 104
290.0 74(e*0( 1.0 104
2(0.0 IJffiW* 1.0 104
270.0 0.91E*0< 1.0 104
290.0 941E*09 14 10.9
2904 9.19E409 14 104
1004 9492*09 14 10.9
310.0 8.7(E*09 14 104
1204 141E*10 14 104
130.0 144E*10 1.0 104
1404 147E*10 1.0 10.1
3(0.0 1.10E*10 14 30.9
3604 1.14E*10 1.0 304
370.0 VITEtlO 1.0 M.«
160.0 UOE*10 14 104
190.0 U1E*10 14 10.6
400.0 U6E*10 1.0 104
410.0 U9E*10 1.0 10.8
4204 1428*10 14 104
410.0 U(E*10 14 10.9
440.0 U9E*10 1.0 10.9
490.0 142E*10 1.0 10.8
4(0.0 148E«10 14 10.6
470.0 UIE+10 1.0 30.6
4604 141E*10 1.0 10.6
410.0 14(E*10 14 104
9004 1.86E*10 14 304

CALCULATIONS

w x i-CRptio v z; vfRrffl
0400 6DIV/QI nVAl (420E-01 «WAI tOfV/OI
0400 (J1E*00 0.000 (4ME-01 9.13( 0.000
0400 647E*W 0.000 (410E-01 6.611 0.000
0.000 (MEMO 0.000 (420E-01 8407 0400
0.000 4.«3E«0 0400 9410E-01 4.8(0 0.000
0.000 4.14E*00 0.000 8.930E-01 4.303 0.000
0.000 i.rrE*oo o.ooo o4ioE-oi 1.843 0.000
0400 148E*00 0.000 6.630E-01 1.861 0400
0400 U(E*00 0400 9.920E-01 3.337 0.000
0.000 349E*00 0400 9.920E-01 3.161 0.000
0.000 2joe*oo 0.000 I.HOE-OI J.IM 0.000
0.000 1.79E*00 0.000 9.610E-01 1.860 0.000
0.000 1.84E*00 0.000 6.610E-01 1.741 0.000
0.000 141E*00 0.000 9.830E-01 1.639 0.000
0400 144E*00 0.001 (410E-01 1.947 0.000
0400 M«e*KI 0.001 (.UOE-01 14U 0.000
0.000 2J7E*00 0.001 6430E-01 2.1N 0.001
0.000 2.20E*00 0.002 (420E-01 1.333 0.001
0400 1.11E*00 0.001 (430E-01 1.1(0 0.001
0400 147E*00 0401 (430E-01 3J01 0.002
0.000 2.02E*00 0.004 8420E-01 2.190 0.003
0400 1 .976-00 0.009 (420E-01 3.103 0.00]
0.000 1.926*00 0.007 0420E-01 1.097 0.004
0400 1.97EMO 0409 9410E-01 l.OK 0.004
0400 1.UE*00 0.010 (.(10E41 14Tt O.Wrt
0.000 1.792*00 0411 9420E-01 1418 0406
0400 1.76E«W 0411 B.620E-01 1.801 0407
0.000 1.72E*00 0.018 6430E-01 1.J71 0.008
0400 148E*00 0417 (420B-01 1.840 0.008
0.000 1.(6E*00 0.010 9410E-01 1.911 0.010
0.000 1.92E400 0421 9410E-01 1.781 0.011
0400 14W*00 0.014 9420641 1.797 0.011
0.000 14(E*M 0.027 8420EO1 1.731 0.014
0400 144E*00 0.030 (420E-01 1.706 0418
0400 141E*00 0412 (420E41 1.186 0.017
0.000 149E*00 0.016 (420E-01 14(3 O.C1I
0400 146E*00 0438 (420E-01 1.841 0.020
0.000 1.44 tWO, 0.041 t430&01 1.622 0411
0400 141E*00 0441 6JIOE-01 1401 0.021
0400 1406*00 0.046 8430E-01 1468 0.016
0400 1.168*00 0.031 6430E-01 1467 0.037
0400 1J(E*00 0.084 (430E-01 14(0 O.OH
0400 1J4E400 048( (4»E-01 14M 0.010
0400 1J1C+00 0.0(1 6.6JOE-01 1419 0.013
0.000 1416*00 O.OU 64206-01 1.803 0.031
0.000 1.2(2*00 04(( (430E-01 14(9 0.036
0.000 U7E*00 0.071 (4MC-01 1.476 0.037
0.000 U(£*00 0476 (420C-01 14(1 043>
0.000 1J4E*00 0479 9430E-01 1449 0.041
0400 1Jie*00 0481 S.5IOE-01 1418 0.042
0.000 1^1E*00 0.099 9410E-01 1411 0.044

OUTPUT
B(I,I) WOO 0[«.t) (08 CiMII.1)

Jua/L) ma/Lt Ima/)ig00|̂  limattoOC]
8DIVA] 970.00 IOIV/01 16.00 HONK]
04000 970.00 0.00 19.00 0.00
04000 (7040 0.00 19.00 0.00
04000 970.00 0.00 16.00 0.00
04000 97040 0.00 1(40 040
0.0000 97040 0.00 1(40 0.00
04000 (70.00 0.00 1(40 0.00
04000 (70.00 0.00 1(40 0.00
04000 970.00 0.00 19.00 0.00
04000 970.00 0.00 19.00 ' 0.01
0.0000 (7040 0.01 19.00 0.04
0.0001 970.00 041 18.00 0.09
04001 (7040 0.02 1(40 0.17
04001 970.00 0.04 1(40 0.11
04001 (70.00 0.07 1(40 0.82
Q.OOQS 970.00 0.13 1800 0.93
0.001! (70.00 0.17 18.00 1.11
04018 970.00 0.24 1(40 1.70
04038 (7040 0.31 11.00 2.3]
04011 170.00 043 19.00 1.09
0.0042 (70.00 049 19.00 1.13
04093 970.00 0.70 1(40 4.93
04069 970.00 0.66 16.00 (.07
04079 970.00 1.04 19.00 7.14
040M VO.OO V» 16.00 (.74
04110 970.00 14( 1S.OO 10.17
04119 970.00 1.69 16.00 11.93
0.0147 (7040 1.(4 19.00 13.71
0.0197 (70.00 1.10 19.00 19.90
0.01(9 (7040 149 1(40 1741
04111 (7040 1.79 19.00 19.71
04139 (70.00 3.10 1(40 1143
041(9 (70.00 341 1(40 14.34
043(8 (7040 1.79 1640 2(.84
0.0313 (70.00 4.11 16.00 19.13
0.0139 (70.00 447 1(40 3147
043(7 (7040 4.84 14.00 34.30
0.0196 (70.00 (.» »40 17.00
04426 970.00 9.91 1940 19.76
04499 (70.00 9.01 19.00 43.97
0.0494 970.00 6.43 16.00 4(41
0.0917 (70.00 (41 16.00 49.16
0.0849 670.00 7.3« 164C (1.31
0.0961 970.00 747 19.00 6441
0.0914 (70.00 9.10 16.00 6744
04646 970.00 043 1(40 (0.41
04678 (70.00 6.97 16.00 93.90
04713 (70.00 941 16.00 ((.(3
0.0747 (70.00 9.99 19.00 99.77
0.0790 970.00 10.30 18.00 71.93
0.0914 (70.00 10.79 1(40 79.11

N»U 1: Adtptid from EqutUon B-5t, (feinmt fpr fiuftaquwut Dn*lg«d hMwtil Cipptng. Equation Offon by * fictor of peretlty dii* l» qtflnilan of Umi
Noli 1: CticUrifttf C»0Qi,l) ti «M*«1 ivy tot to o
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Advaetn
Kd-foc'Koc
R-l«<Kd.cap>pVna

-Trarttport Pormutaa;

Chemical Isolation Analysis for Dlbonzfr
PSR Superfund Slto

Cl>«(«J)-CeU>'Kd.ci)J
O'Cmyfiaim
d»o.orL

WalontMt.p.tH
Walon 1tt1. p.1M
Kiynlna and JuM.1197, p.1»
pnaar vatocRy calcuaUan

ParUJortig daanllon [laa noli
|IM nou 1)
T. Mayan JOOJJIBACB)

J) • <0.9'EXP(W)'ERFC(]Q)«{0.4'eXPCO'CRFC(Z))
W-
x-

Van Oanucmon tnd Alvai (tIM)

ERPCf)* 1-gRPrt

1D TIUNSPOftT SOLUTION
Mipt*d (Tom tpnadihitt pnvldatf by
M. BlItMty. USAGE

0.9000

o.eooo
0.7000

o.eooo
10.6000

04000

0.3000

0.2000

0.1000

0.0000

Ponwat'r C vt, x at Qlvin Tlmi

uo 1.00 >.u
DhUMi (torn o<p loom ID)

Cip l«dlm«n( OMmmndon Pram* «l aivan Ttau

d
D
Ow

DL,»d
toe
g
KL
I
Kd
IW.Ctp

p
R
60S

|eno

Coflvanlonat
Porawalarwncintrallonhcap(ugA) lug" 1.0006-01 gm
Muanl porawaur concentration (ugL) 1%wt« 1.0 1g/100nd
cap tedtment cencenljallen (mgftgoc) t%«1- 1MM04 mg/l.
dltpartMy (on) ImgA* 1000 ugA
dttpanlofi ctMIUaM (cnOA) Iday- IHCO lac
binary dmnMy o( cnaMcal h wain (cmM)

0.0003t27l cnttat

ANALYII3 OF CAP LOSSES DURIHO CONIOLIbx.iON

Ponmili for Slurt-T*rm Cvnumlrunt Wgrtfon
Put Ig Qgntondtoan

>idaplne(ioamanl(n)
cap matartal organic caibon traction tfl 1 tool •
mail pirtlda dansly (omVcm3) 1 ft/day •

TI,CMUOI • Ollid / (mo'Kd.cap)

haad jmffl.nl (not uiad)
lhaantlcal antmullon caafflcMnl (LAg)
cap dUMbullan caaffldanl (lAg)
latfmtar patulon coantdat* (tflt
thlcknaiaorcapfll)
poroillyO
atfactlvaporaillyO
buttdantlytgmrcnl)
ralardallon ractor (A
Stala Sadbnara QuaDty Standard (mg«g offflgAgoC)
1lm.(i)
Cap IMcknaii hfl dua lo aipranlon of ponnnlar dullng cbnlcddallon («)
tint ordir docay connant (1A)
avarag* lhaar gnundwatar valKlty (cmyk) (maaaund)
dlttanca from up bo*lam (cm)
Stala Watir Quality Crtarten (ugA.)

COHCIHTRATION PP.OPILIS AT TOP OP CHIMIOAL KOLATION LAYBR

vi. tlma ourout tpac>

Cap tMcknata loat dua to oxproaalan of porawatar
during eonaolla'atton rffl

TXcanaali 0,000 faal dypKaty nlgnglbla)

~iiS

>aclflcatloni
ir

, rf Cham lallon lavatl

Porewtttr C/Co vi. t M Olvan location

PortwMir C vt. Tlim rt Olv«n Locttlon

J OJOOOO

4000 1000

Hip<wlTlm<|yT|

Ctp ttdlmint 0«M«itraB>n Pnflli at Olvm

PSA Cip Medil <r3jdt • Dlb«ni(i.h)inthrK«t» 0. Schucnudl i/JJ/200!



Chimteat Isolation Analysis for Dlbeni(a,h)a™
PSR Superfund Site

INPUT

HIM imtl xrm Kim
36600 1.19E409 040 0.0
36600 1.16E40I 046 14
11(00 1,198408 0.12 1.7
36800 1.1(8401 O.K 64
UWB VWE*0» 02* 7.1
16800 1.168408 0.10 1.1
11600 1,168401 0.36 11.0
16(00 3,1(8408 041 124
38(00 3.1(8406 046 14.6
36(00 1.1(8401 044 1(4
16900 1.1(8408 0.60 16.1
16900 1.168408 0.66 20.1
16(00 1.168406 0.72 114
16900 1.198401 0.79 21.6
36(00 3.1(8406 0.64 29.6
11600 1.198401 0.10 274
31000 3.168408 0.86 2(4
18(00 3.1(8401 1.02 31.1
3(900 3.168408 1.08 12.1
16900 1.1(8401 1.14 M.7
36600 3.198406 1.10 36.6
3UOO 3.KE401 1.K 1(4
1(600 ].1(E40( Ul 40J
3(800 1.1(8408 Ul 42.1
1(800 3.1(8401 144 41,1
1(800 1.1(8446 140 • 4(.7
1(900 1.1(8408 1.61 474
16600 1.198408 1.61 414
18(00 1.198408 1.66 (1.2
1(500 1,1(8408 1.74 81.0
18(00 1.1«8+0( 1.10 (4.1
16(00 ' 1.168408 1.86 ((.7
1(600 1.1(8408 1.62 66.6
16900 1.198409 1.99 60.4
16(00 1.19E408 1.04 62.3
1(600 . 1.168401 MO (4.0
36900 3.19E40I 2.11 . 66.6
36600 1.1(8408 13t 17.7
16600 1.18E401 1.28 66.6
11600 1.19E406 1.M 71.3
31600 3.16E401 140 71.3
38(00 3.1(8408 148 764
16(00 1.1(8409 342 7(4
16800 1.198401 2.86 76.6
36600 l.t(840( 1.64 604
11800 3,1(8406 . 2.70 : 814
11(00 1.1(8408 1.78 64.1
1(500 1.1(8401 2.82 (64
16(00 1.188*01 24( (74
96600 1.168408 144 8t.l
11600 1.1IE401 1.00 • 614

CALCULATIONS

W X 1-8RMO V 2 14RHD
0400 -242C-01 1.002 04008400 0.002 O.lll
0.000 4488400 0.000 1412B43 4468 0.000
0400 (.1(8400 0400 (424841 (,1(( 0.000
0400 1.218401 0400 I.I39E42 124(0 0400
0400 VWB401 0.000 142SE41 16471 0.000
0400 2.098401 0.000 1.661841 204(6 0.000
0.000 246E401 0.000 1.867841 24468 0.000
0.000 2468401 MUMI 2.116841 28.662 MUMI
0.000 1.178401 MUMI 1441841 11.744 MUMI
0.000 14(8401 MUMI 2.1818-01 11.817 MUMI
0.000 4418401 MUMI 1.312841 40430 MUMI
0.000 4408401 MUMI 3.843E41 46.021 MUMI
0.000 4.11E401 MUMI 1.674E-01 48.116 MUMI
0.000 6J3E401 MUMI 4J06E-01 (1.208 MUMI
0400 (.718401 MUMI 441(841 (7.301 MUMI
0400 1.148401 MUMI 4461841 61414 MUMI
0.000 64(8401 MUMI U88841 68487 MUMI
0400 6468401 MUMI (.(10841 (8460 MUMI
0400 7.178401 MUMI (4(1841 71.172 MUMI
0.000 7.7(8401 MUMI 6J92E41 77.766 MUUI
0.000 6.1(8401 MUMI 6.624E41 614(( MUMI
0.000 (46E401 MUMI 6461E41 66.661 MUMI
0.000 1.006*01 MUMI 7.20(841 80.044 MUMI
0.000 841E401 MUMI 7.117841 84.111 MUMI
0400 6428401 MUMI 7.8468-01 66.221 MUMI
0.000 1.018402 MUMI 6.2788-01 101.112 MUMI
0.000 1468401 MUMI 6.6118-01 106416 MUMI
0400 1.118402 MUMI 6.642841 110.607 MUMI
0.000 1.168402 MUMI 9.271841 114.100 MUMI
0400 1.188402 MUMI 6.804841 116.681 MUMI
0.000 1.218401 MUMI 1.13(841 1M.786 MUMI
0.000 U78402 MUMI 14278400 12(.(7( MUMI
0.000 1.11E402 MUMI 14608400 110.171 MUMI
0,000 1.3(8402 MUMI 1.0(18409 136.0(4 MUMI
0400 14(8402 MUMI 1.1268400 138.1(7 MUMI
0.000 1438401 MUMI 1.1(18400 HUM MUMI
0.000 147E401 MUMI 1.1(28400 147.141 MUMI
0.000 1418402 . MUMI 1.21(8400 1(1418 MUMI
0.000 14(8401 MUMI UM8400 1((42( MUMI
0.000 1.608402 MUMI 1.2828400 1(8.621 MUMI
0400 1448401 MUMI 141(8*00 1(1.714 MUMI
0.000 1488401 MUMI 1.1(68*00 1(7407 MUMI
0.000 1.718*01 MUMI 1.1(18400 171481 MUMI
0.000 1.718401 MUMI 14248400 176.68] MUMI
0.000 1408402 MUMI 14(78400 160468 MUMI
0400 1448401 MUMI 1460E400 1(4.178 MUMI
0.000 1468402 MUMI 14238400 166.171 MUMI
0.000 1.118401 MUMI 14178400 111.161 MUMI
0400 1.66E402 MUMI 1480E400 186468 MUMI
0400 241E40J MUMI 1.6118400 200441 MUMI
0.000 1.06E402 • MUMI . 1.6868400 304.641 MUMI

OUTPUT
•(x,q WQO 0(141 80-6 Cntf(K^

luo/LI lui/ll Icna/kioei ItmiftiOC)
14000 0400 0.090 11.00 114.00
04000 0.000 0.000 11.00 0.00
0.0000 0400 0.000 11.00 0.00
0.0000 0.000 0.000 12.00 040
0.0000 0400 0.000 11,00 0.00
04000 0.000 0.000 12.00 0.00
0.0000 0400 0.000 12.00 0.00
MUMI 0400 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 1240 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0400 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 INUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0400 MUMI 11.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 11.00 MUMI
MUMI 0400 MUMI 1140 MUMI
MUMI 0400 MUMI 11.00 MUMI
MUMI 0400 MUMI 11.00 MUMI
MUMI 0400 MUMI 12.00 MUMI
MUMI 0.000 MUMI 11.00 MUMI
MUMI 0.000 MUMI 11.00 MUMI
MUMI 0.000 MUMI 13.00 MUMI
MUMI 0.000 MUMI 13.00 MUMI
MUMI 0400 MUMI 12.00 MUMI
MUMI 0400 MUMI 13.00 MUMI
MUMI 0400 MUMI 13.00 MUMI
MUMI 0400 MUMI 11.00 MUMI
MUMI 0.000 MUMI 11.00 MUMI
MUMI 0400 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0.000 MUMI 12.00 MUMI
MUMI 0400 MUMI 1240 MUMI
MUMI 0.000 MUMI 11.00 MUMI
MUMI 0.000 MUMI 1140 MUMI
MUMI 0400 MUMI 11.00 MUMI
MUMI 0400 MUMI 11.00 MUMI
MUMI 0400 MUMI 1140 MUMI
MUMI 0400 MUMI 11.00 MUMI
MUMI 0.000 MUMI 11.00 MUMI

INPUT

iufi inici «m item
0 0408400 1.0 104

300.0 6J1E40I 14 104
400.0 1.2(8410 14 104
600.0 1.68E410 1.0 104
8004 1418*10 1.0 304

1000,0 1.168*10 1.0 104
1200.0 1.768*10 1.0 10,8
1400,0 4428*10 1.0 90.6
1600.0 64(8*10 1.0 .90.6
1(00.0 (4(8*10 14 104
2000.0 (418*10 1.0 104
2200.0 (448*10 1.0 104
24004 747B410 1.0 104
1600.0 6JOE»10 1.0 104
2800.0 641E*10 1.0 30.6
3000.0 6468*10 1.0 104
3200.0 1418*11 1.0 304
3400.0 1.078411 14 304
3100.0 1.148*11 1.0 304
1103.0 1.208*11 14 104
4000.0 1468*11 1.0 104
43004 1428*11 14 10.6
44004 1488*11 14 30.6
4(00.0 1498*11 1.0 104
4(004 1418*11 14 304
6000.0 14(8*11 1.0 304
6100.0 1.648*11 1.0 104
(400.0 1.708411 1.0 304
9(00.0 1.778*11 1.0 30.6
66004 1438*11 1.0 30.6
6000.0 1.IIE-H1 14 104
6100.0 1468*11 1.0 104
6400.0 1.026*11 1.0 304
6600.0 2468*11 1.0 10.9
(800.0 2.14E*11 14 304
7000.0 2.118*11 1.0 104
7100.0 2.278*11 14 104
7400.0 2,198*11 1.0 304
7(00.0 2408*11 14 104
7(004 2468*11 1.0 304
6000.0 2428*11 1.0 30.6
62004 2488*11 14 10.9
6400.0 2.698411 14 104
6600.0 2.71E411 1.0 304
88004 2.7(8411 1.0 304
8000.0 244E411 14 144
82004 1401*11 1.0 304
64004 2468*11 , 14 304
6i004 1438*11 14 104
88004 14(E*11 14 304

100004 3.1(E*11 1.0 '30.8

CALCULATIONS

0.000 (OK/01 IDWOI 6410841 (OMOI IDIVJOI
0400 4428*01 MUMI 6410841 46.337 MUUI
0.000 1418401 MUMI 6410841 14.111 MUMI
0400 1.718401 MUUI (420841 174(1 MUMI
0.000 1418401 0400 8.610E41 24.111 0.000
0400 2:168401 0400 6420841 21477 0.000
0400 1478*01 0.000 (.620841 16.668 0.000
0.000 1428*01 0400 6.620841 16.336 0.000
0400 1.708*01 0400 6420841 17461 0400
0400 1.618401 0400 6.620841 16467 0.000
0400 1428*01 0400 (420E41 t(.2(2 0.000
0400 1468401 0.000 (420841 144(9 0.000
0400 14(8401 0.000 (420841 19414 0.000
0400 1448401 0400 (430E41 19468 0.000
0400 1.188401 0400 6.620841 12402 0400
0.000 1.248401 0.000 6420S41 12410 0.000
0.000 1J08401 0.000 0430841 13.070 0.000
0.000 1.178401 0.000 6.S30E41 11.710 0400
0400 1.148*01 0.000 6420841 11.381 0.000
0400 1.118*01 0.000 (420841 11.071 0.000
0.000 1468*01 0.000 (4208-01 10.7K 0.000
0.000 14(8401 0.000 (420841 10498 0.000
0400 1418401 0.000 6.620841 10.2(7 0.000
0400 1408401 0400 (420841 10471 0.000
0400 (418*00 0400 1410841 (4(0 0400
0.000 1.618400 0400 (420841 (4(1 0,000
0400 (448400 0400 (420841 (474 0400
0400 8.278400 0400 64208-01 till 0.000
0400 (.108*00 0400 (410841 6.131 0.000
0400 (.848400 0.000 (.610841 (472 0.000
0400 (.7(8400 0400 (420841 (.822 0.000
0400 6.698400 0.000 9.920841 9.979 0.000
0400 9418*00 0.000 1420841 (443 0.000
0400 (.1(8*00 0.000 9420841 (413 0.000
0.000 0.168*00 0.000 6420841 6.368 0.000
0,000 6.148400 0.000 (420E41 (.170 0400
0400 (418400 0.000 (4108-01 1.051 0400
0400 7.818*00 0.000 t.tKE-M 7447 0400
0400 7418400 0400 (420E41 7.642 0.000
0400 7.718400 0400 (420841 7.741 0400
0400 7418*00 0400 (420E-01 7.646 0.000
0400 7418400 0.600 6.620E41 7.091 0.000
0400 7428400 0400 9420841 7461 0.000
0400 7.148400 0400 (420841 7,374 0.000
0400 7.H8400 0.000 (420E41 7.281 0.000
0400 T.178«M 0.000 (410841 7.201 0.000
0400 74(8400 0400 6.820841 7.131 0.000
0400 7428*00 0400 I.920E41 74(9 0.000
0400 6448400 0400 (.620841 6482 0400

; 0400 6.678400 0400 1410841 6411 0.000
0400 6.608400 0400 (420841 (441 0.000

OUTPUT
U(x,t) WQC C|x,l) 108 Cl*d(x,q

luo/n luofl.1 InnftaOCl llmo/kuOCl
•DIV/DI 0.00000 «OMOI 12,00 (OIV/OI
MUMI 0,00000 MUMI 13.00 MUMI
MUMI 0.00000 MUMI 11.00 MUMI
MUMI 040000 MUMI 13.00 MUMI
o.oooo o.ooooo 0.00030 12.00 0.00
0.0000 0.00000 0.00000 11.00 0.00
0.0000 0.00000 0.00000 12.00 0.00
0.0000 0.00000 0.00000 12.00 0.00
04000 0.00000 0.00000 11.00 0.00
04000 0.00000 0.00000 12.00 0.00
04000 0.00000 0,00000 12.00 0.00
04000 0.00000 0.00000 13.00 0.00
0.0000 0.00000 0.00000 13.00 0,00
0.0000 0.00000 0.00000 12.00 0.00
0.0000 0.00000 0.00000 12.00 0.00
0,0000 0.00000 0.00000 12.00 0.00
0.0000 0.00000 0.00000 1340 0.00
0.0000 0.00000 0.00000 12.00 0.00
0.0000 0.00000 0.00000 11.00 0.00
0.0000 0.00000 0.00000 12.00 0.00
0.0000 0.00000 0.00000 12,00 0.00
0.0000 0.00000 0.00000 12.00 0.00
04000 0.00000 0.00000 12.00 0.00
04000 0.00000 0.00000 13.00 0.00
0.0000 0.00000 0.00000 12.00 0.00
0.0000 040000 0.00000 13.00 0.00
0.0000 O.OOMO 0.00000 12.00 0.00
0.0000 040000 0.00000 1240 0.00
0,0000 0.00000 0.00000 12,00 0,00
0.0000 0.00000 0.00000 12.00 040
0.0000 0.00000 0.00000 13.00 0.00
0.0000 0.00000 0.00000 13.00 0.00
0.0000 0.00000 0.00000 12.00 0.00
0.0000 0.00000 0,00000 12.00 0.00
0.0000 0.00000 0.00000 12.00 040
0.0000 0.00000 0.00000 12,00 0.00
04000 0.00000 0.00000 12.00 0.00
0.0000 040000 0.03838 11.00 0.00
0.0000 0.00000 0.00000 12.00 0.00
0.0000 0.00000 0.00000 12.00 0.00
0.0000 0.00000 0.00000 12.00 0.00
0.0000 0.00000 0.00000 13,00 0.00
0.0000 040000 0.00000 13.00 0.00
0.0000 040000 0.00000 13.00 0.00
0.0000 0.00000 0.00000 13.00 0.00
0.0303 040000 340000 12.00 0.00
04000 0.00000 0.00000 13.00 0.00
0.0000 040000 0.00000 13.00 0.00
0.0000 0,00000 040000 12.00 0.00
0.0000 0,00000 0,00000 12,00 0.00
04000 0.00000 0.00000 12.00 0.30
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Chemical Isolation Analysis for Flouranthd
PSR Superfund Site

INPUT

1 M1Y1 1 flttf X Of] fl ft tn]
3(500 1.1SE+09 0.00 0.0
1(100 1. HE-MI 0.01 I.I
11500 1.156*09 0.12 1.7
jeioo i.iie«9 o.it 5.5
1(500 1.19E*09 O.S4 7.1
>»oa I,UE*O« 040 1,1
»>00 l.ltE«9 041 11.0
3(500 1.16E-WI 042 12.9
U900 3.156*09 045 U.I
1IUO 3.156*09 0.54- 11.1
UtOO 3.15E«09 0,10 11.3

91100 1.11E-W9 0.71 214
31900 1.15E*09 0.71 23.1
11100 1. HE-MI O.M ».l
HtOO J.156-MI OJO 274
31900 1.15E-MI O.tl 29.1
31900 1.19B«09 142 31. t
31900 1.19E+09 1.01 124
31900 l.KE*09 1.14 34.7
31900 3.11E-M9 1.20 31.1
1(500 1.1IB-WI 1.21 18.4
HtOO 3.196*09 1.32 40.2
31500 3.156*09 Ul 42.1
31900 3.1SE+09 : 1.44 43.1
31900 3.15E«09 '140 49.7
HMO l.HEtOI 1.91 47.6
31900 1.15E*OI 1.12 494
31900 1.15EW9 Vtt 61.2
3UW 1.1UM9 1.74 514
11500 3.19E«OI 1.10 H.I
31900 1.156*01 1.11 91.7
3000 1.156*09 1.12 91.9
3C900 3.166*09 1.11 (04
31900 >.19E«OI 2.04 (2.2
31900 3.116*09 2.10 (4.0
3MOO IMS-Kit • 2.11 (SI
39900 1.19E40I . 1X1 17.7
31100 1.166*01 2.20 11.9
31900 3.166*09 2.94 71.1
31900 1.156*09 240 73.2
UMO J.«E«» 241 7t.O
moo i.t9E*o9 242 n.t

•'3(900 1.1SE-MI 2.91 71.1
31100 1.156*09 . 2.14 10.9
31900 1.16E+09 2.70 12.1
3(900 1.16E*09 2.71 M.I
31900 1.16EM9 2.12 «.0
39900 l.HEtOI 2.91 17 J
31900 1.156+09 2,94 Ml
39900 1.15E+09 • 3.00 114

CALCULATIONS

w x i-eRFOi Y z 1-ERpm
0.000 <1,19E-02 1.013 0400E*00 0412 0.117
0.000 (46W1 0411 1.111E-02 0.700 0417
0.000 1416*00 0.091 M»E-« 1409 0.047
0.000 2.0(6*00 0.003 14196-02 2.101 0.003
0400 2.776*00 0400 U256-01 2.717 0.000
0.000 1476*00 0.000 1.IIIE-01 1.4*4 0.000
0.000 4.17E+00 0.000 1.9I7E-01 4.110 0.000
0.000 44IE+00 0.000 I41IE-01 4.997 0.000
0.000 64(6*00 0.000 244(6-01 5491 0.000
0.000 1.296*00 0400 2.9116-01 1.271 0.000
0.000 (496*00 0.000 1412E-01 1.171 0.000

0400 I.ME*00 0400 1J74E-01 I4U 0400
0400 I.04E1CO 0400 44056-01 1.019 0.000
0.000 I.74E-MO 0.000 4.I3IE-01 1.711 0.000
0400 144E*01 0400 44IIE-01 10491 0.000
0.000 1.11E+01 0.000 5.2996-41 11.194 0.000
0.000 1.116*01 0400 9.I30B-01 11.191 0.000
0.000 U9E*01 0.000 9JI16-01 11*17 0.000
0.000 U2E*01 0.000 1JI2C-01 11.241 0.000
0.000 1J9E*01 0.000 1.124E-01 13.HO 0.000
0.000 14(E401 0.000 (466E-01 14431 0.000
0.000 141E+01 0.000 7.20(6-01 16J11 0.000
0.000 1406*01 0400 7.1176-01 11421 0400
0400 1.676*01 0400 7.94IE-01 11.729 0.000
0.000 1.746*01 0.000 I.279E-01 17422 0.000
0.000 1416+01 0.000 (4116-01 11.119 0.000
0.000 14IC4«1 0.000 (442E41 11.114 0.000
0.000 1.96E+01 0.000 9.279E-01 11.911 0400
0.000 1426+01 0.000 I404IM1 10107 0.000
0.000 249E-+01 0,000 14936-01 20.904 0.000
0.000 1.1IEM1 0.000 14276*00 21400 0400
0.000 2.21E*01 0400 14IOC*00 222M 0400
0400 2.306*01 0.000 14916+00 21.111 0.000
0.000 247E+01 0.000 1.12IE+00 21499 0.000
0.000 244E+01 0.000 1.1696+00 24411 0.000
0400 241E*01 0.000 t.1«E«0 21.012 0.000
0.000 2466*01 0.000 U29E400 29.771 0.000
0.000 2.I9E401 0.000 U9IE400 21471 0.000
0,000 2.71E401 0400 UKE400 27.171 0.000
0.000 2.79E401 INUMI 1J29EMO 27419 tKUUI
0.000 249E401 INUMI 1.39>C<00 2I4H MJMI
0400 242C«01 (NJMI U»1E«0 21.2(0 INUMI
0.000 24IE441 INUMI t.424E*» 21.197 INUMI
0400 1.0IE-W1 INUMI 1497E400 10,193 INUMI
0.000 1.13E401 INUMI 14ME«00 11490 INUMI
0.000 UOE441 INUMI 1.923EMO 32441 INUMI
0.000 U7E«01 INUMI U97E4W 12.742 MJMI
0.000 1J4EX1 INUMI U80E«0 31431 INUMI
0.000 341C401 INUMI 1423B400 M.1W WUMI
0.000 349C441 INUMI 1.I9SE400 14432 INUMI

OUTPUT
• |>,() WOO C|>,H HI CIM|x.t|

iuan.1 fua/Li jmoDtaoci limoftgocL
1.0000 11.00 1141 UO.OO 1191.10
0.1301 1t.OO 1.41 110.00 710J3
0.0909 11.00 OJI 110.00 1M.O
04033 11.00 041 1(0.00 741
0.0001 11.00 0.00 110.00 O.U
0.0000 11.00 0.00 110.00 040
0.0000 1(.00 0.00 UO.OO 040
0.0000 11.00 0.00 . 110.00 040
0.0000 11.00 0.00 1(0.00 0.00
0.0004 11.00 0.00 1(0.00 0.00
0.0000 11.00 0.00 1(0.00 040

0.0000 1(40 0.00 1(0.00 040
0.0000 11.00 0.00 1(0.00 040
0.0000 11.00 0.00 110.00 040
04000 11.00 0.00 UO.OO 0.00
0.0000 11.00 0.00 1(0.00 0.00
0.0000 1(40 0.00 1(0.00 0.00
0.0000 11.00 0.00 110.00 0.00
04000 11.00 0.00 1(0.00 0.00
0.0000 11.00 040 1(0.00 0.00
0.0000 1(40 040 1(0.00 040
0.0000 11.00 0.00 1(0.00 040
04000 1(40 Q.OO 1(0.00 040
04000 1(40 0.00 1(0.00 040
0.0000 1(40 0.00 1(0.00 040
0.0000 1(40 0.00 1(0.00 040
0.0000 1140 0.00 1(0.00 040
0.0000 1(40 040 1(0.00 040
0.0000 u.oo Q.OO HO.OO 040
04000 1140 0.00 1(0.00 040
04000 1(40 040 1(0.00 040
04000 11.00 0.00 110.00 0.00
0.0000 1(40 0.00 1(0.00 0.00
04000 1C.OO 0.00 1(0.00 040
0.0000 11.00 040 1(0.00 040
0.0000 11.00 0.00 1(0.00 040
0.0000 1(40 0.00 110.00 0.00
0.0000 11.00 0.00 1(0.00 040
0.0000 1(40 040 1(0.00 040
INUMI 11.00 INUMI 1(0.00 INUMI
INUMI 1140 INUMI 1(0.00 INUMI
INUMI 11.00 INUMI 1(0.00 INUMI
INUMI 11.00 INUMI 11040 INUMI
•NUMI 1140 INUMI 110.00 INUMI
INUMI 11.00 INUMI 1(0.00 INUMI
INUMI 11.00 INUMI 1(0.00 INUMI
INUMI 11.00 INUMI 110.00 INUMI
INUMI 1(40 INUMI 110.00 INUMI
INUMI 11.00 INUMI 1(0.00 INUMI
•NUMI U.OO INUMI 110.00 INUMI

NPUT

_I(YT) KlIO Xffll Xftffll
0 040E400 14 30.5

200.0 141E«) 1.0 304
400.0 1J(E*10 14 10.5
(004 1JIE+10 14 304
900.0 l.»je*10 1.0 304

1000.0 1. HE-MO 14 304
1200.0 !.7«S«10 1.0 10.9
1400.0 442E»10 14 30.9
1100.0 949E410 1.0 30.5
1900.0 9,«E*10 1.0 304
2000.0 I.HEt10 14 104

24004 747Et10 14 10.9
2(00.0 (JOE-MO 14 104
2100.0 I43E+10 14 304
3000.0 I4(E+10 14 304
3200.0 1.016*11 14 10.9
3400.0 147E+11 1.0 104
1100.0 1.14E*11 14 304
3900.0 UOE*11 14 304
4000.0 1.3IE-M1 14 304
42004 14JE-MI 14 10.5
4400.0 14IE-M1 14 10.5
4WO.O 14SC*11 14 10.t
4500.0 141E411 14 10.5
50004 14IE*1< 14 104
5200.0 1.ME-M1 14 10.5
5400.0 1.70E*11 1.0 104
5100.0 -1J7E-M1 14 30.5
e(00.0 1436*11 14 104
1000.0 1JIE411 14 10.5
(2004 1J(E411 14 10.5
(400.0 1.078*11 1.0 104
(100.0 249O11 1.0 10.9
1(00.0 2.14EM1 14 10.5
7000.0 2.21E*11 14 10.9
7500,0 l.!7B*11 1.0 10.5
7400.0 2J1E+11 14 10.5
7(004 240E411 14 104
79004 24IEt11 14 10.9
1000.0 242E»11 1.0 10.9
9200.0 2-»ia»11 14 10.9
5400.0 2.I!E*11 1.0 10.5
91004 1.71E»11 14 10.5
5*00.0 2.7IE»11 14 304
N004 2.ME»11 14 104
>200.0 2.IOE»11 1.0 104
M004 2.»E«11 14 104
KOO.O 1JJ1E*11 14 30.5
MOO.O 3«E*11 1.0 10.5

100004 1.1!E*11 14 10.5

CALCULATIONS

W X 1<CRPnn Y 2 LERPm
0.000 IDIVAI tDNKt 0420E-01 IDV/OI IOIV/01
0.000 I.1IB*00 0.000 5420E-01 1.224 0400
0.000 5.7IE«00 0.000 I420B-01 9.927 0.000
0.000 4.71E400 0400 9410E-01 4.717 0400
0.000 447E400 0.000 5420C-01 4.137 0.000
0.000 341C400 0.000 54106-01 >.70» 0400
0.000 1.11E»W 0.000 (420B-01 3.312 0.000
0.000 1.01E«00 0400 5.520B41 1.145 0.000
0.000 246B400 0.000 5420E41 3.149 0.000
0.000 2.1!E«0 0.000 9420E-01 2.711 0400
0.000 2.54E«00 0.000 9420E-01 3.MO 0.000

0400 141E*00 0.001 5420E-01 2427 0401
0400 2J2E<00 0402 54206-01 2417 0401
0.000 1.11EMO 0401 (4IOE-01 UU 0.001
0.000 2.05B400 0.004 0420B.01 2.1M 0402
0.000 1.IIEMO 0.009 9.510E-01 2.119 0401
0400 142E<00 0407 5420E-01 2.0(0 0404
0.000 UtE*00 0.00t 5420E-01 2.005 0.009
0.000 1.I1E-MM 0410 5420E-01 1.IK 0401
0400 1.7IE400 0.011 5420C-01 1.910 0407
0.000 1.71E<00 0.015 14206.01 1.5W 040(
0400 1.17EWO 0.019 9420&01 142B 0.010
0.000 141E4W 0.021 9420E-01 1.792 0.011
0.000 1.5IB«00 0414 9420E-01 1.7(0 0411
0.000 1.9IE400 0.021 9420E-01 1.729 0419
0.000 1.52E4W 0431 5420E-01 1.C95 0,017
0.000 149B400 0435 54100-01 1.117 0411
0.000 14IE400 0.091 54208-01 1.140 0.020
0.000. 141E4M 0419 «420t-01 1.1U 0422
0.000 141E«X 0.047 9420E-01 1.510 04M
0400 1410-MJO 0451 5.8206-01 1.5(0 0427
0.000 UlE-rtO 0455 5.520B-01 1.541 0429
0400 U1E*00 0410 5J20E-01 1.525 0431
0.000 1.11B440 0454 5420E-01 1401 0431
0400 1.29C440 0411 9420B-01 1407 0411
0.000 U7E*00 0471 9.520B-01 1411 0431
0400 U!E«0 047( 9.520E-01 1452 0.040
0.000 1J3E400 04U 0.520E-01 1416 0.042
0401 1-21E«0 0.017 5420E-01 1419 0.045
0400 1.19E400 0.092 5420E-01 1404 0447
0.000 1.17E*00 0.097 9420E-01 1.199 0441
0400 1.11E-MM 0.102 5420E-01 1.175 0452
0400 1.14E440 0.107 9.520E-01 1412 0454
0400 l.tlEtOO 0.111 5420E-01 1.149 0451
0400 1.11B440 0.111 5420E-01 UK 0459
0400 1.10E-K10 0.121 5J20E41 t.124 0411
0400 145E-MO 0.121 5420&41 1.112 0411
0400 147E400 0.111 5420E41 1.301 04I(
0400 145S400 0.111 5420E-01 UIO 04(1
0.000 1.04E400 0.141 5.520E-01 1.2BO 0.070

OUTPUT
QII.IJ WQC 0|x,t| I8« Cltd|«,g

iuga.1 JUB/UI ima/kaoci Ilma/Voooi
IOIV/01 1(40 IOIVA1I 110.00 IDrv/OI
04000 11.00 0.00 1(040 040
04000 1(40 0.00 11040 0.00
0.0000 1(40 040 11040 0.00
0.0000 1(40 040 1(0.00 0.00
0.0000 11.00 0.00 110.00 0.00
0.0000 11.00 0.00 1(0.00 0.01
0.0000 15.00 040 1(0.00 0.01
04001 1(40 0.00 110.00 0.12
04001 11.00 0.00 1(0.00 0.11
0.0003 11.00 0,01 1(0.00 O.U

0.0011 19.00 0.02 1(0.00 2.21
0.0017 11.00 0.03 1(0.00 3,11
0.0025 1(40 0.05 1&&.00 541
0.0031 1(40 0.07 110.00 7.71
04049 11.00 0.10 1(0.00 10.49
040M 11.00 0.13 1(0.00 13.71
04092 11.00 0.11 1(0.00 17.09
04102 11.00 0.20 1(0.00 2149
04124 11.00 0.24 1(040 21.17
04141 1(40 0.29 1(0.00 31.93
0,0175 1940 O.M 1(040 37.54
0.0203 1(40 0.40 1(040 41.11
04214 1(40 0.41 1(0.00 50.29
042(1 1(40 0.52 1(0.00 07.K
04299 1(40 0.99 1(040 5447
04114 11.00 O.U 1(0.00 7141
04370 1(40 0.72 1(040 7949
0.0401 1(40 040 1(0.00 97.74
0444( 1(40. 0.97 1(040 9(42
0.0481 11.00 0.99 1(0.00 104.51
0492( 1(40 143 1(040 113.19
0.0917 1(40 1.<1 110.00 122.01
04(09 1(40 1.19 11040 111.01
0.0101 K.OO 1.27 1(0.00 140.11
04194 11.00 1.3( 1(040 149.11
0.0737 11.00 144 1(0.00 199.M
04711 11.00 141 1(0.00 1(1.01
04925 1140 1.11 1(040 177.47
049(9 1140 t.70 11040 19(41
0.0911 11.00 1.79 1(0.00 19(41
0.099* K.OO 1.97 1(0.00 201.10
0.1002 11.00 1.91 1(0,00 21!. 11
0.1047 1(40 2.09 1(040 223.30
0.1092 1140 2.14 1(0.00 214.92
0.1111 1(40 2.22 1(0.00 244.93
0.1191 1(40 2.11 1IO.M 254.11
0.1221 K.OO 340 1(040 213.71
0.1270 1140 141 1(0.00 171.27
0.1114 1(40 2.57 1(040 29240

Mipttd from equtllon O2I. Qulfenc* for ftub t̂quMUS Dntfgtd KMtrltf Ctpphfl. Equrilon cDffin by • fetor of porosty AM lo tftftnKton of Urmi
4 Ci»d(K.I) it dMdid try roc lo oM.rti cirton-normiifetf conetntndont

PSR Cap Modi) vJ jdi • FlouranlAtM O.Schucrurdl WWC02



IVo Tranaaort Pormulao!

Chemical Isolation Analysis for Dlbenzo' |
PSR Superfund Site
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Walton int. p.1H
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Dnaor valoctr cakidatton

Paitllonhg dadnllan l"« Ma J)
[aao Mo 1]
T. Mayan 200] (USACB)
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M. H«lt«lty, USACB
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I.1E.O) CIOMW
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Porawattr C/Co vs.« at Olvin Tim*

Portwater C vs. x at Olv«n Tlmi
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binary dnutMy of cnonHcal in walar (mitt}

conioOdatlon doplh of aoomtnl TO
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maaipanidodanillylgmKinl) 11t/day •
ha»ITa<d)
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aobXratar pantten eoofnclonl (am
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OMOO ne
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OM01I2TI oMit

offodlvo porotfly (f)
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stalo Sodlman Ouany standard (mglkg of nglkgOC)
llmod)
Cap IMdnon M duo to tjproitw of ponwalir dumj conaolMlon (fl)
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Chemical Isolation Analysis for Dlbenzofuran^
PSR Superfund Site

INPUT

_LMwl tft«L _xjm xCeffll_
11900 3.19E*09 0.00 0.0
SHOO 3.10E*09 041 14
moo I.IIE+OI o.ii 1.7
tISOO 1.1IE409 0.11 64
1ISOO I.11E*09 0.24 74
uioo >.i«e«i ooo i.t
»noo I.19E«09 ojl 11.0
uioo i.i»e«« 041 12.9
11000 1.16E40I 0X1 14.1
turn i.i6s*09 044 114
11500 1.1!E*09 0.10 1IJ
11600 1.10E*OI OH 20.1
11900 1.19B*09 072 21.9
31600 3.i9E*o9 o.ri 21.1
HMO. 3.19EM9 O.M 2(.l
11900 1.16E*09 0.10 174
11900 3.16E*09 O.II »3
11900 3.19E*09 1J» 11.1
IISOO 3.13E*09 1.0! 324
11900 l.UEtOl 1.14 14.7
11900. I.19E409 1.10 111
11900 l.19e<OI Ul 114
11900 1.19E«09 142 40.2
11900 1.19E40I Ul 41.1
HMO 1.19E40I 144 4].t
16600 3.19E*09 1.90 49.7
11900 1.16E*Ot 141 474
11900 1.16E*OI 1.11 it 4
11900 1.16E*09 1.11 9U
31900 1.16B*09 1.74 93.0
1IUO 1.19E*09 1.10- 94.t
11500 1.16E*09 1.11 91.7
11900 1.19E409 1.11 91.9
MHO 1.16E*0* Lit 104
11900 3.16E*09 2.04 11.1
11900 1.13C409 2.10 14.0
HMO J.16B*09 1.11 lt.«
1UOO 1.19E409 2.22 17.7
11900 3.196*09 Ml 194
11900 l.10E*09 1.M T1J
IISOO 3.19EM9 140 7U
11900 3.19E*OI 141 71.0
11900 ].19E*« 242 71.1
31900 1.I9E*OI 249 71.1
11900 1.198*09 l.«4 10.9
M800 V1Se*Ot 1.70 91.1
31900 1.16E*01 2.71 M.1
31900 1.16E*09 1.92 964
31900 9.19E*09 2.11 17.1
11300 3.1JE-WI 244 ll.l
31300 1.19E*09 3.00 11.4

CALCULATIONS

W X 1-eWnO Y 2 1-EWflTJ
0.000 *149E*01 1.122 O.OOOE*00 0.101 OJ7I
0.000 .IJt&Ol 1417 1412E-02 0.119 0.7M
0400 44IE-M 0.191 9414E-0! OJ11 0.71!
0400 1JOE-01 0.911 IJ19E-01 0.117 0411
0.000 14CE-01 0.701 14ME-01 0411 0411
0.000 2.72&01 0.700 1.H(E-Ot 0411 0411
0.000 I4IB-01 0.122 140TE-01 0411 0424
0.000 4J4B-01 0449 141IE-01 O.«t OM4
0.000 I.OOE-01 0471 2.949B-01 0.711 0410
0.000 1. 770-01 0419 2JI1E-01 0.7M 0.211
0.000 I.61E-01 0461 J412E-01 0.170 OJ1I
0.000 7.2IE-01 0401 1.M3E41 0.141 0.111
0.000 I.09E-01 0.299 1474E-01 1411 0.140
0.000 041E-01 0.211 4409E41 1.0J9 0.110
0.000 9.67E-01 0.171 4.I3IE-01 1.179 0.017
0400 141E400 0.144 4.ICK41 U91 0.077
0.000 1.11E100 0.117 6.199E-01 1.127 0411
0400 1.1K4M 0.094 I.UOE41 1401 0.047
0.000 1.2IE*00 0.074 94I1E-01 1471 0411
0400 1J4B-WO 0.091 I.2I2E-01 1.191 0.020
0.000 141E+00 0441 I.I24E-01 1.112 0.021
0.000 149E400 0411 I499E-01 1.701 0411
0.000 147E+00 0427 7JOM-01 1.7M 0411
0.000 1.t4E*00 0.020 7.I17E-01 1.IU 040f
0.000 1.72E-WO 0.019 7J49C-01 1.131 0401
0.000 1.791400 0.011 9J7IE-01 2.012 0.004
0.000 1.I7E400 .0401 0411E-01 J.OH 0401
0.000 1.99E+00 0.001 0.941E-01 1.119 0401
0.000 242B«00 0.004 9J71C-01 1J41 0402
0.000 2.10B400 0.001 I404E-01 1J17 0.001
0.000 2.19E400 0402 I419E41 2JI1 0401
0400 2J9E400 0.001 1427EWO 2411 0400
0.000 J.13E-KK) 0401 1.0IOE400 2449 0.000
0400 240EMO 0.001 1.0I3C«00 i.112 0.000
0490 1408400 0.000 1.12IE<00 JIM 0400
0400 2.9<S«00 0.000 1.19IEXO 2.774 0400
0400 2.UE400 0.000 'l.1l2C«>0 2.190 0400
0.000 2.71E400 0.000 1.2HE400 2.121 0.000
0.000 2.7IEMO 0.000 1.29IE400 3.002 0400
0.000 2.9IE400 0.000 UIJE400 3.071 0400
0.000 2.ME400 0400 U29B400 3.1U 0400
0400 1.01E400 0.000 1.39IC-MO 3.H1 0.000
0.000 1.0IE400 0400 UtIEMO 1J07 0.000
0.000 I.17e-M0 0.000 1424E400 1.311 0.000
0.000 1.24C100 0400 1497EKO 3491 0.000
0.000 1.12E4CO 0.000 14101*00 1.939 0400
0.000 IJtEtOO 0.000 1.911E«00 1.112 0400
0400 147E4«0 0400 1.197E«00 Jill 0400
0.000 149EKO 0.000 1.MOEMO 1.7H 0400
0.000 1.I1E400 0400 1.I23E400 1.940 0400
0.000 1.70E400 0.000 1.KIE400 Mil 0.000

OUTPUT
BUM woe cu.t) tat Cuaiwj

rua/Lt (ua/LI (mflHtaOCl llmatraoct
1.0000 0.00 7S.89 19.00 11.11
OWH 0.00 7041 19.00 1147
0.1991 0.00 U.I1 10.00 94.11
OJtll 0.00 91.11 1940 77.17
0.70tl 0.00 61.99 11.00 70.00
O.IUI 0.00 4944 19.00 11.17
04117 0.00 41.21 19.00 91.17
OJOM 040 31.11 19.00 4l.t7
04419 0.00 3341 19.00 43.64
0.1019 040 ll.0t 19.00 37.12
0.1101 0.00 19.04 1940 12.99
0.1014 0.00 21.93 1940 27.79
0.1177 0.00 19.01 13.00 1344
0.1IU 0.00 19.09 19.00 11.10
0.1H7 0.00 1249 16.00 11.14
0.1U1 0.00 1029 19.00 11.11
0.1097 0.00 IJ2 13.00 10.02
04192 0.00 I.t) 19.00 1.70
0.0702 0.00 9J1 19.00 C.I2
0.0961 0.00 4.20 19.00 649
0.0411 0.00 1.27 10.00 4.29
0.0131 0.00 2.92 19.00 1.29
0.0294 • 0.00 Ul 19.00 2.11
0.0112 0.00 141 1940 1.01
04144 0.00 1.01 19.00 142
0.0101 0.00 0.01 1640 1.06
04070 040 OAI 15.00 0.77
0.0061 0.00 041 19.00 0.91
0.0040 0.00 0.31 19.00 040
0.0021 0.00 0.22 19.00 0.20
0.0020 0.00 0.19 19.00 0.10
0.0014 0.00 0.11 19.00 0.14
0.0010 0.00 0.07 1640 0.01
0.0009 0.00 0.06 1640 0.06
04004 0.00 0.03 16.00 0.04
0.0001 0.00 0.02 16.00 0.01
0.0001 0.00 0.01 1940 0.02
0.0001 0.00 0.01 19.00 0.01
0.0001 0.00 0.01 19.00 0.01
0.0001 0.00 0.00 19.00 0.00
04000 040 0.00 19.00 0.00
04000 0.00 0.00 19.00 0.00
04000 0.00 0.00 16.00 0.00
04000 0.00 040 19.00 0.00
0.0000 0.00 040 13.00 0.00
0.0000 0.00 0.00 16.00 0.00
0.0000 0.00 0.00 16.00 0.00
0.0000 0.00 0.00 19.00 0.00
04000 0.00 0.00 19.00 0.00
0.0000 0.00 0.00 19.00 0.00
0.0000 0.00 040 19.00 0.00

INPUT

1 tifl 1 flic) X flTl X fctnl
0 040E400 1.0 104

10.0 1.19E40I 1.0 10.9
204 IJ1E«« 1.0 10.9
104 I4IE400 14 10.9
404 UIE-KJI 1.0 10.1
904 1j9ie*OI .1.0 10.9
104 14HMOI 14 104
70.0 U1E4C* 1.0 UJ6
104 uie«« 14 104
•04 IWE-rtl 1.0 104

100.0 l.UE-KJJ 1.0 10.9
1104 147E40I 1.0 10.9
120.0 J.7ie«l 1.0 104
130.0 4.10CKI 14 304
140.0 442E409 14 304
190.0 4.71EMI 1.0 104
190.0 9.09E-M* 1.0 30.9
170.0 OJIB+Ot 1.0 10.9
110.0 ojie+ot 1.0 10.1
1M.O 6.1»£«» 1.0 30.9
200.0 I.11E409 14 304
2104 I.I2E«OI 14 104
220.0 I.XErtl 1.0 104
210.0 7.26E40I 14 304
240.0 747E40I 14 10.6
290.0 7.IIE«>J 14 104
H04 I.10E40* 14 104
270.0 l.01E40t 14 104
200.0 I41E40I 14 104
290.0 t.16Et03 1.0 104
300.0 I4IE40I 1.0 304
110.0 I.7IE40I 14 104
120.0 141E«10 1.0 104
1104 1.04E*« 1.0 104
MO.O 1.07E*10 14 304
160.0 1.10E«10 14 104
160.0 1.UE+10 1.0 104
370.0 1.17E410 14 104
110.0 UOE-HO 1.0 104
3104 1.JJE-HO 1.0 104
400.0 UIE«10 1.0 104
410.0 UK«10 1.0 104
4104 142Et10 1.0 104
410.0 1JlE»tO 1.0 104
440.0 1JIE-MO 1.0 104
4904 141E+10 14 904
490.0 149E»10 1.0 30.1
470.0 149E+10 14 30.6
410.0 1.91E+10 1.0 104
490.0 146E*10 1.0 104
6004 1.69E»10 1.0 10.9

CALCULATIONS

w x i<0vm v z i.Enp(Z)
0400 IDfVAl IOIVAI 0420E41 tDMO! IDIV/OI
0400 14CE400 0400 0420E-01 4.049 0400
0400 2.7IB400 0400 9410E-01 1.107 0.000
0400 2Jte«00 0.001 6.910E-01 1477 0401
0400 144E400 0401 I420E-01 1476 0.001
0400 1.72E*00 0419 0420E-01 1472 0.001
0400 149E400 0.021 9420E-01 1.721 0.019
0400 1451*00 0.044 6420E41 I.Ut 0.021
0400 UJEtOO 0492 9410E-01 1.011 0.031
0400 UlEtM 0.001 (410E-01 1441 0.041
0.000 1.116*00 0.101 9410E-01 1J70 0.091
0400 1.10E*00 0.111 9.620E-01 142« 0.011
0400 144B*00 0.141 9.920E-01 1J7I 0.071
0400 I.09E-01 0.161 9420E41 1,237 0.090
0400 944E-01 0.1(2 3420E-01 1J01 O.Otl
0400 I.01B>01 0.202 9420E-01 1.11ft 0.011
0400 O.KC-01 0.221 6410E-01 1.141 0.107
0.000 I41E-01 0.240 I410E-01 1.116 0.116
0400 I.OOE-01 0.160 6.620E-01 1.012 0.12}
0.000 7.71E-01 Oj7( 6420E-01 1471 0.110
0.000 744E41 OJH 6.920E41 1491 0.117
0.000 7.11E-01 0410 9420&01 1413 0.144
0400 I44E41 0411 9420E-01 1417 0.190
0.000 I.72E-01 0.342 3420E41 1402 0.167
0.000 I41E-01 OJ67 9.620E-01 0491 0.161
0.000 I4te-01 0472 9420E-01 0476 0.1S8
0.000 I.12S-01 O.in I.620E-01 0412 0.171
0.000 9J4E-01 0401 6410E-01 0.961 0.171
0400 9.77E-01 0416 6420E41 0440 0.104
0.000 O.UE-01 0421 9420E-01 0.010 0.199
0.000 044841 0441 9420E-01 0.121 0.111
0400 OJ1E-01 0494 9420E-01 0.912 0.117
0.000 6.19E41 0411 9410E-01 0.104 0.101
0.000 1.0V&01 047> 6420&01 04M 0^06
0400 44IB-01 0490 I420C-01 0411 0.201
0.000 4.79E-01 0.602 6410&01 0.011 0.112
0.000 4.I1E-01 0.111 9420C-01 0.976 0.211
0.000 441E41 0.624 6420E-01 0.119 0.211
0.000 4.1K-01 0.616 9.I20E-01 0.113 OJ22
0.000 4JIE-01 0.649 9420E-01 0.857 0.226
0400 4.17C41 0.699 8.1JOE-01 0492 0.211
0.000 447E-01 0.699 9.920E-01 0.947 OJ11
0400 14IE41 0476 9.610E-01 0.941 04M
0400 1.I7B41 0.196 6420E41 0.117 0,231
0.000 1.77B-01 0.694 6420E-01 0.111 0.231
0400 l.ltE-01 O.M1 6.620E-01 0.029 0.241
0400 1.69E-01 0412 9.920E-01 0429 0.241
0400 140E-01 0.121 9.920E-01 0.011 0.141
0400 141E-01 0.110 9420E-01 0417 0.240
0400 3J1E-01 O.I10 9.920E-01 0414 0.260
0400 1.24E-01 044! 9420E41 0411 0.162

OUTPUT
BIMI wao c|x,tg »a> o»dn,ij

fua/LI lua/LI fmafltaocl llmq/kitQCL
•DIVAI 0.00 IDIV/OI 10.00 aOIVyOI
0.0000 0.00 0.00 16.00 0.00
04001 0.00 0.01 10.00 0.01
0.0014 040 0.10 1040 0.14
04010 0.00 0.46 19.00 0.61
04141 0.00 1.11 19.00 1.44
0.0119 0.00 2.04 19.00 2.10
0.0419 0.00 3.17 19.00 4.12
O.OIII 0.00 444 16.00 6.71
0.0719 0.00 0.10 19.00 744
0.0190 0.00 7.10 19.00 9.31
0.1119 0.00 0.91 19.00 Ul
0.1322 0.00 10.03 19.00 1.04
0.160C 0.00 1142 16.00 4.16
0.1999 0.00 12.70 19.00 1.12
0.1110 0.00 14.11 19.00 144
0.2030 0.00 1940 19.00 20.02
0.2114 0.00 11.94 16.00 21.C4
0.1164 0.00 17.66 16.00 2U1
0.2907 0.00 19.02 16.00 24.72
0.2196 040 20.14 16.00 11.11
0.2719 0.00 21.23 11.00 27.61
0.2136 0.00 22.27 16.00 20.19
0.3019 0.00 23.20 19.00 30.27
OJ199 0.00 24.21 16.00 31,91
0.3312 0.00 29.19 16.00 12.76
O.M41 0.00 21.10 19.00 31.93
0.3967 0.00 21.90 16.00 36.07
0.3119 0.00 27.12 16.00 11.17
OJ77I 0.00 29.64 16.00 17.13
0.3990 0.00 2943 19.00 19.11
041(1 0.00 10.10 19.00 99.19
04070 0.00 30.14 19.00 40.11
04173 0.00 31 .U 15.00 41 .1C
04194 0.00 11.14 16.00 41,06
04161 040 11.02 16.00 42.91
04419 040 31.17 19.00 43.77
04622 0.00 34.30 16.00 44.61
04603 0,00 14,92 1040 49,39
04192 0.00 36.91 19.00 41.11
04799 0.00 31.09 19.00 49.92
04031 0.00 31.19 1940 47.19
04104 0.00 37.20 19.00 4946
0.4174 0.00 37.73 10.00 49.09
0.6043 0.00 16.36 16.00 49.72
0.6109 0.00 11.79 19.00 6049
0.6174 0.00 39.24 16.00 61.02
0.6237 0.00 39.72 10.00 31.14
0.9299 0.00 40.19 19.00 62.14
0.9199 0.00 40.94 19.00 61.01
0.9419 0.00 41.00 16.00 63.41

Not* 1 : Adiptid from Equfthn B-21, OiJdftnci for Sublqutout Drttfgri Mttiilll Ccppfto. EoutBofl fllffwi by • hctor of ponttty *J4 lo dtflnlton of umi
Haiti: CikuliUdCudOLQIiaMMbytocleottilncmoiHurmilMuminlrillofit

PSR Cip MMtl V3 £1 • DBtniMMnn D. Scnuchiral Ml/200!



A<tvtv a Tr«nl»0ft Formula*!

Chemical Isolation Analysis for Moreun
PSR Superfund Site

>Val«lt»1,p.1U
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On*v vwocBy calculauon
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1.00 1M J.OO
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lot
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muart penwatar cannntnuon CugL)
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aipanM caaffidara (cmJA)

Oonvmlonai
1ug. 1MCC-OI gm
1%M- 1.0 tg/IOOM

1iM>l* 1000 ug^
Iday* SWOO lac

ANALYSIS OP CAP LOSIIS DUWNa OONtt. ON

Pormida for Shoit-Torm Contaminant Mlgrafjon
Qua fa flanaotldaaon

canaoMilbnd>ptharaa<Man0l)
cap matanaletgank canon fraolan0 1lbal*

irwiy>

naad gnuurd (nol uaad)
Dworaocal dWittuflon coaffldant (LAg)
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MM on
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Ponwatir C vs. Tims »l Olvsn Location

inoo soon
BlipaadTtmalytl

CIB s««m«tt c«K«rKnHan Pnffla M «lwi Loaiden

PSR Cap Modal vljdt • Marcury D. schucnora taeaoo:



Chemical If elation Analysli for Mercury
PSR Superfund Site

INPUT

KdvA ' 1(»rt Ifflt xlnrt
16600 1.19E*09 QjQO 04
16900 1.19E*09 g.01 1.1
tUOt 1.1(E*09 0.12 l.T
11900 1.11E*09 0.18 9.9
Htm i.i9E*o9 0.24 7.1
11900 1.11E40I OJO 1.1
91900 1.19C409 OJ« 11.0
11900 1.19E*09 0.4J 11.1
M900 1.19B«9 049 11.1
3(900 1.16E*09 0*1 1(.(
1(900 1.19E*09 O.(0 19J
1(900 1.18E«9 0.11 20.1
3(900 1.19E«9 0.72 214
3(900 1.19E*O9 0.79 21.0
3(900 1.19e*09 O.M 29.(
3(900 1.191*41 0.10 274
3(900 1.19E*09 C.ie 29.1
1(900 1.19E*01 1.02 31.1
3UOO 1.19E409 1.U 12.1
3(900 9.19E*09 1.14 14.7
1UOO 9.19E*09 1.20 36.6
1(900 1.19E*09 1.11 1(4
11(00 1.19E*09 U2 40.2
11900 1.16E«9 1.39 41.1
1(900 1.19EM9 144 41.1
36500 l.ltEWn 1.tO 49.1
1(900 1.UE40J (46 47.9
1(900 1.19E*09 1.12 414
1(900 1.19E«01 1.(9 tl.2
1(900 9.19E*09 1.74 91.0
1(900 1.19E*09 1.80 94.9
1UOO I.1K409. 1.«( U.7
11900 l.t9E«0( 1.12 894
1(900 1.16E*09 Ul 604
11900 1.19E409 1.04 (2.2
169M 9.1tE«0( 2.10 64.0
1(900 1.19E<0( 2.K (9.9
169M 1.1IE*09 2.22 (7.7
1(900 1.19E401 2.26 99.9
1(900 1.19E*09 1M 71.1
1(900 l.UEtOI 140 7U
1(900 1.19E409 241 71.0
19900 1.19E409 242 794
3(900 1.19E*09 2.99 79.(
1(100 1.16E«09 2.W 90.9
3(900 1.1SE«09 2.70 823
1(900 1.18E*08 2.7( «4.1
11900 1.18E*09 242 (9.0
1(900 1.19E*09 246 17.1
16500 l.«E«» IM 69.6
1(900 l.KEtOI . 140 114

CALCULATIONS

W X 1-ERPflO Y l; 1-ERNZ)
Q.OQQ *1.12E-02 1413 04008*00 0.011 0467
0.000 7.11E-01 0.101 3.112E-02 0.794 0.107
0.000 1471*00 0.017 6.624E-02 14»( 0.034
0.000 2.22E400 0402 (438E-02 2J19 0.002
0.000 246E*00 0400 U2UE-01 2461 0400
0.000 1.70E400 0400 1.696E-01 1.721 0400
0.000 444E*00 0400 1407B41 44U 0.000
0400 8.19E400 0400 2J16E-01 6.J08 0.000
0.000 6.91E*00 0400 2.649B41 9.190 0400
0.000 647E+00 0400 2.991E-01 (.(12 0400
0.000 741E*00 0400 1.112E-01 7419 0.000
0.000 6.16E*00 0400 3.643E-01 9.177 0400
0.000 8.10E*00 0400 3.974E41 IJ19 0.000
0.000 9.64B*00 0400 44ME-01 9.((2 0400
0400 144E401 0400 4.636E*01 10.404 0.000
0400 1.11E«01 0.000 4JUB41 11.UI 0400
0400 1.19E*01 0.000 9.299C-01 11.888 0.000
0400 1.26E*01 0.000 9.630E41 12.(11 0.000
0400 1.14E«01 0.000 9.961E-01 11J71 0400
0400 141E«01 0400 IJJJE-01 14.111 0400
0.000 1.48E*01 0.000 M24E.01 14490 0400
0.000 14(E*01 0.000 6.999E41 19.601 0.000
0400 1.63E401 0.000 7.296E41 16J41 0400
0400 1.71E*01 0.000 7.917E-01 174X 0.000
0.000 1.7(E*01 0.000 7.949E41 17.929 0400
04» vne*oi 0.000 9.279E-01 imo 0.000
0400 1.91E+01 0.000 9.911E-01 19J12 0.000
0X100 2.00E441 0400 0.942E-01 20499 0.000
0.000 2.0(E*01 0400 9.271E41 20.717 0.000
0.000 2.19E-M1 0.000 9.604E-01 21419 0400
0.000 !JJE«1 0.000 9.91SE-01 HMt 0.000
9400 J.ME«1 0.000 1«IE«0 114W 0400
0400 2.17E401 0400 1.0(OB«00 21.766 0.000
0.000 249E401 0400 1.0I3EMO 24401 0.000
0.000 2.92E401 0400 1.12(E«00 2»I1 0.000
0.000 !.<OE«1 0400 1.1«!E*00 29493 0.000
0.000 2.67B441 0.000 1.1I2E«0 M.716 0.000
0.000 7.7SEX1 «NUMI UltS<«0 27471 «UM)
0400 2.I2E441 <NUMI 1JI9E<00 29J20 <NUMI
0.000 J.«!E*01 MVJMI U92E400 29.9(1 iNUMI
0400 2.97E401 fMJMI 1.125E400 29.709 INUMI
0.000 144E101 MUMI I.JS1E-WO 10440 INUWI
0.000 3.12E401 (NUMI 1.1(1E«0 11.190 INUMI
0.000 1.19E401 INUMI 1424E«00 11J12 INUMI
0.000 UTE-WI INUMI 1497E400 32.679 INUMI
O.MO 1J4E401 INUMI 1490E«00 31417 WUMI
0.000 141E«01 INUMI 1.921E«0 34.191 INUMI
0.000 34K«1 6MJMI 1.997E400 34.902 tMJUl
0.000 i4(E«oi muMi unsMo 10.944 <KUMI
0.000 J.UE«1 tHJMI VIUE400 }(.>(< 6KUMI
0.000 1.71E«01 INUMI I.(«SE«0 17.129 INUMI

OUTFUT
•[X^J WOO C(x,t] IQS OMtftx4J

(uo/LI luo/Lt Idio/kffl Ifmo/kal
14000 0429 042 041 049
0.2917 0.029 0.01 041 0.01
04170 0.029 040 041 O.M
04017 0.029 0.00 041 0.00
04000 0.029 0.00 041 0.00
0.0000 0.029 0.00 041 040
04000 0.029 0.00 041 0.00
04000 0.029 0.00 0.41 0.00
04000 0.029 0.00 041 0.00
04000 0.029 040 0.41 0.00
0.0000 0.029 0.00 041 0.00
0.0000 0.029 0.00 041 O.M
04000 0.029 0.00 0.41 0.00
04000 0.029 0.00 041 0.00
0.0000 0.029 0.00 041 0.00
040M 0.026 O.M 041 040
0.0000 0.029 0.00 041 0.00
040M 0.029 0.00 041 0.00
04000 0.029 0.00 041 O.M
04000 0.029 0.00 041 0.00
0.0000 0.02) 0.00 041 O.M
040M 0.029 0.00 0.41 0.00
O.OOM 0.029 O.M 041 040
O.MM 0.029 0.00 041 0.00
0.0000 0.0» 040 041 0.00
0.0000 0.029 0.00 0.41 0.00
0.0000 0.023 0.00 041 040
0.0000 0.029 O.M 041 0.00
0.0000 0.029 O.M 041 0.00
04000 0.02S 0.00 041 0.00
0.0000 0.029 0.00 041 0.00
0.0000 O.OU 0.00 0.41 040
O.MOO 0.029 0.00 041 0.00
04000 0.029 O.M 041 0.00
0.0000 0.029 0.00 041 0.00
O.MOO 0.019 O.M 041 0.00
04000 0.029 O.M 041 0.00
tNUMl O.OH INUMI 041 "NUMI
MUMI 0.029 INUMI 041 INUMI
INUMI 0.029 INUMI 041 INUMI
•NUMI 0.029 INUMI 041 INUMI
INUMI 0.029 INUMI 041 INUMI
INUMI 0.020 tNUMl 04t INUMI
tNUMl 0.029 tNUMl 041 iNUMI
•NUMI 0.029 INUMI 041 MJMI
MUMI 0.029 INUMI 041 INUMI
INUMI 0.029 tNUMI 041 INUMI
INUMI 0.029 tNUMl 041 tNUMl
•NUMI 0.029 tNUMl 041 INUMI
•NUMI O.Ott tHJMI 041 tNUMl
•NUMI 0.029 INUMI 041 INUMI

INPUT

\Ml IffK) xffl) ff^
0 040C440 14 104

2004 IJ1E109 1.0 M4
400.0 U(Et10 1.0 JO.l
6004 141E+10 1.0 W4
100.0 2428*10 1.0 104

10004 1.19E»10 1.0 304
12004 1.T9E-MO 1.0 104
14004 442B+10 1.0 304
16004 9498*10 1.0 304
1600.0 9.6(E*10 14 104
2000.0 OJ1E«10 1.0 »4
12004 144£ttO 1.0 104
1400.0 74TE410 1.0 M4
2(004 UOEtIO 1.0 104
1(004 941E*10 1.0 H.9
10004 94ie*10 1.0 »4
12004 1416*11 1.0 104
3400.0 147C*11 14 M4
3(004 1.14E*11 1.0 »4
19004 UOE*11 1.0 104
4000.0 ia<e*ii vo 104
42004 U2E*11 1.0 104
44M4 U9E*11 1.0 904
4(004 14SE*11 1.0 H4
4900.0 141E«11 14 ».!
90004 14>Ct11 14 304
02004 1.94E*11 1.0 104
9400.0 1.70E*11 1.0 104
9(00.0 1.776*11 1.0 304
MCffl.O 1JJE+11 1.0 104
(0004 149E*11 1.0 104
IJ004 1.«6»11 14 W4
64004 242E*11 14 304
((004 249E*11 1.0 104
(9004 2.14E*11 1.0 M4
70004 2J1E*11 1.0 104
72004 JJ7E*11 1.0 104
74004 233E*11 1.0 W.t
7(00.0 240E*11 1.0 104
7(00.0 24(E«11 1.0 104
10004 242E*11 1.0 104
(2004 24(E*11 1.0 304
94004 2.(9E*11 1.0 30.9
9(00.0 2.716*11 1.0 104
9900.0 3.716*11 1.0 104
•000.0 244E*11 1.0 304
9100.0 240E*11 14 104
9400.0 2 J6E»11 1.0 10.1
9600.0 ) 416*11 1.0 104
«oo.o i.ne«u <.o 10.9

10000.0 3.19E*11 1.0 30.9

CALCULATIONS

W X 1-CRFOQ Y Z 1-ERK&
0400 «XV0I tOIVAl 6420E-01 4OIVAI IDIV/Ol
0400 1.731*00 0.000 6.920E-01 1.764 O.OM
0.000 0.1lt*00 0.000 (420E-01 6.209 O.OM
04M >42t«00 O.OM (420E-01 6.079 04M
0400 4J4B*«0 O.OM 9.920S-01 4406 O.OM
0.000 1498*00 0.000 (420E-01 1.949 0.000
0400 141E*00 0.000 1420E-01 1.910 0.000
04M 1J(E*00 0.000 (420E-01 1.149 0.000
0400 l.MEtOO 0400 9.920E-01 1.119 04M
0400 J.«TB«0 0.000 6410E41 J.tM 0.000
0400 2.721*00 0400 6420CO1 2.616 O.OM
0.000 2.9ie*00 0.000 9.920E41 1.690 O.OM
0.000 247E*00 0.000 0.920E41 2490 04M
O.OM 2J7B*00 O.M1 9420E41 2493 0.000
O.OM IM-XlO 0.001 9420E-01 2.117 0.001
OJJOO 2.20CXO 0.002 6.930E-01 2.120 0.001
0.000 2.12E*00 O.M3 9.920E-01 2JtO 0401
0.000 2461*00 0.004 9420E-01 2.187 0402
04M 2.00E+00 0.009 9.920E-01 1.139 0401
04M t.MB*00 0.006 9.920E-01 2479 0.001
0400 1498*00 0.008 1420E-01 1.027 0.004
04M 1.94E*00 0409 0420E-01 1.191 0409
O.OM 1.79E*00 0411 9.920E-01 1411 0409
O.OM t.7IE*00 0.011 9.920E-01 1400 0.007
0.000 1.71E*00 0,019 (420E-01 1411 0.009
0400 i.rra»oo 04<t (.1202-01 <.ni 0.010
0400 1.HC«00 0.021 9.920E-01 1.799 0.011
0.000 1.60E*00 0.024 9420E-01 1.76( 0411
O.OM 1.97E*00 O.OK 9.920E41 1.717 0.014
0400 144E*00 0.029 8.SME-01 1.710 0.016
0400 141B*00 0.011 9.920E-01 1.904 0417
0400 14«E*00 0.016 I.I20E-01 1.859 0419
0.000 14(B«00 0.019 9.920S-01 1.M6 0.021
0.000 143B*TO 0.041 0.920E-01 1.614 0.022
0.000 141E*00 0446 9.020E-01 1492 0.024
04M U9B*00 0490 9420C-01 1.87] 0.026
O.OM U6B*00 O.OS4 9420E41 1493 0.029
0400 1.ME100 04S6 1420E-01 1434 O.OU
04M 1.32B*00 0462 6420E-01 1.916 0.012
O.MO 1JOS*00 0.061 5420E-01 1419 0434
0400 1J8E*00 04(9 6420E-01 1493 0.039
0.000 U7E*00 0474 9.SME-01 14(7 04U
04M U9E*00 0.076 9420E-01 1492 0.040
04M 1J3E«0 0.082 9420E-01 U3I 0.042
04M 1JU*00 0.0(6 8.920E-01 1424 0.044
0400 UOE*00 0490 9420E-01 1410 0.046
04M 1.1(B*00 0.094 9420E41 1.397 0.049
O.OM 1.17E400 0499 9.120E-01 U94 0.090
04M 1:19E*00 0.103 9420E-01 1J7J O.H2
0400 1.14E*«0 0.107 I420E-01 U(0 O.OM
04M 1.1IE*00 0.111 9.5JOE.01 1449 0.096

OUTPUT
•{x^i waa qx,i) •o.s ot«4|x^t

lua/Ll lua/LI (mafkat ((maftDl
tQMQ! 0426 fONK\ 0.41 tOIV/QI
0.0000 0.029 0.00 041 040
O.MOO 0.029 0.00 041 0.00
0.0000 0429 0.00 0.41 0.00
04000 0.029 0.00 0.41 0.00
04000 0.029 O.M 0.41 040
0.0000 0429 0.00 0.41 0.00
0.0000 0.029 0.00 041 0.00
O.OMO 0.029 0.00 041 0.00
0.0000 0.029 0.00 041 0.00
04001 0.029 0.00 041 0.00
040U 0.029 0.00 041 0.00
0.0006 0.029 0.00 0.41 0.00
04006 0.029 0.00 041 0.00
0.0012 0.029 O.M 0.41 0.00
0.0016 9.026 ' 0.00 0.41 0.00
0.0021 0.021 0.00 041 040
04019 0.029 0.00 041 0.00
0.0047 0.026 0.00 0.41 0.00
040(0 0.029 0.00 041 0.00
0.0074 0.029 0.00 041 0.00
0.0091 0.029 O.M 0.41 0.00
04109 0.029 0.00 041 O.M
04130 0.020 0.00 0.41 O.M
0.0162 0429 O.M 0.41 0.00
0.0119 0.02! 0.00 0.41 0.00
042M 0.026 0.00 0.41 0.00
0.022( 0.0» 0.00 0.41 0.00
0.0294 0.029 0.00 041 0.00
0.0291 0.029 0.00 041 0.00
04313 0.029 0.00 041 O.M
0.0344 0.02S 0.00 0.41 0.00
0.0371 0.029 0.00 041 040
0.0409 0.029 0.00 0.41 0.00
0.0441 0.030 0.00 0.41 0.00
0.0479 O.OM 0.00 041 0.00
0.0913 0.029 0.00 041 0.00
0.0949 0.029 040 0.41 040
0.09(9 0429 0.00 041 0.00
0.0(22 0.029 O.M 0.41 0.00
0.0910 0.029 0.00 041 0.00
04(U 04M 0.00 OA1 0.00
0,0731 0.029 0.00 .0.41 0.00
0.0774 0.029 0.00 041 0.00
0.0611 0.029 0.00 0.41 0.00
0.0991 0.029 0.00 0.41 0.00
0.09(0 0.029 0.00 0.41 0.00
0.0929 0.029 0.00 0.41 0.00
0.09(9 0.029 0.00 0.41 0.00
0.1009 0.02! 0.00 0.41 0.01
0.1047 9.029 0.00 0.41 0.01

N«t v. U«H« from Cquaion B-M, Oma»nc> Tot Bubiaumn Ot»«9«« Mnmn Cipplnj. Iqiutlon earn by • fidw « penny An lo IttrKen cf umi
Nou 2: C«Jtu1«m Ciayt) u anatt by he u ottiln enton-nennrllM uncMnmrn
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TEST OF PSR CHEMICAL ISOLATION SPRE'

• 0.0 ri
-1M.

WaRon1B91,p.iai
Wann1»1.p.1M
KiyNita aim JWM.1I1T. p.lM
Inaar valocBy caKtdatlen

PaflRtomng dafMlan (laa neta ))
(Saa KMa 1)
T. Maran 2001 (UWCI)
oradlanl citeUallon
Van o.rucw.n aM «ha> (KM)

X-
V • «wn)iy(3'D)
Z •
IB" V(SQRT(14((4VD)V9))
ER*Cft» 1-EWft

10 TKANSPORT SOLUTION
Maplad frarn tpraadinaal praxdad by
M.eatiany.usAce

1.2S gnv«m3
0.000 run

I.M1E-07 cm/%

M.7472 cm
0 A

Kd.clp UO IWJ
0 2.«fi-0e cm2/iac

.M3E-OT ctrrtae

Cancantrttlonva. i
CONCIMTRAT10N •ROPILn THROUCJH CAP AT arVSN TIME

OL. bB«l»m

1.0000

O.tOOO

0.1000

0.7000

O.<000

g.6000 |

04000

OJOOO

0.2000

0.1000

0.0000

0.00

C/Ce vi. x at Olvtn Tint*

C vs. x art QN«n Tim*

290.00

300.00

[ 110.00

• 100.00

10.00

0.00-1

O.<0 O.tO 040

Olaunea from Oap iotton (fl)

Cap fladlmanl c*naantraflan Praflla'at OlvanTtma

AGAINST CORPS QUIDANCE OUTPUT

fK
1
HI
I
Kd

p
R
COS

Parawalar cancartrauon In cap (ugl) 1 pg •
tnfluard porawtlar cancantratlon (ugL) 1 % M •
cap ladtmart concantraoon (mcAgOC) 1« wl •
dnpan**y(em) 1mcA-
dltpanlon coafllclanl (cm2/i) 1 day »
bhlary elfflaKty of chanrical In watar
haad dirraranlH war dWanca L

ulgrgank carton friction 0 1lg«*
man pafflda darnlty (omfcml) 1 Wfj •

naad gradlafl
inaenucal dKMbtflan caafflclan (Mlg)
cap cUMMton CMffldan
aelMMar pwIM caalMart lyt>
tNdo>an af crianftcal cwlanon tayar tfCt

1.000EJX gn
uo

1Me«M moA
1000 ugll

•MOO aat

UAICffl
O.OOOU2T> cmAae

ralartatloo factor«
Stata Sadlmanl QuaBry Standard
Una
tlrflordaidictycomurt
•vanga Dnaar greundwatar valocRy (maatind)
dlitanca rrani cap bottom (cm)
Situ Watar Oually CAarton

CONCDKTrUTIOH PROriLtl AT TOP OP CHIMICALIIOLATION LAYIR

PonwMtr C/Co »a. t X ttvtn loetllon

•" •,V,.8
ltf,n.(yT,

PonwMtr C vt. Tim* at Qtvtn Locfttlon

Cip aaaimam Concantr«aon ProrUa tt OIVMI London

PCR Cap Madal vl̂ li • Malhcad eiarnpla D. Schuchvdl B/3S/3002



TEST OP PSR CHEMICAL ISOLATION SPREADSH OAINST CORPS GUIDANCE OUTPUT

V
Htfivl »n«rt xim xtow

36500 3.15E409 0.00 04
36900 3.16E401 0.03 0.7
1(500 1.1««1 O.M 14
»900 3.16E409 0,07 I.I
1(500 3.166409 o.ot 2.9
HMO 1.1»E*0» 0.11 1.1
3(660 3.15E409 o.u 47
HMO 1.16E409 O.tl 4.9
«MO 9.1SE409 o.u t.i
HMO 9.1SE409 071 1.9
iisoo 9.16E409 073 t.i
1UOO 9.16E409 OJI 7.6
11600 3.16E409 077 6.1
U600 1.16C401 0.10 1.0
16600 1.16E405 O.U 1.7
11(00 l.16E«Of O.M 104
36600 i.i9E409 041 11.1
16500 1.15E409 0.16 11.6
Msoo i.i9e«oi 0^1 13.6
9(500 1.15E409 043 117
16600 3.15E409 0.46 11.6
16600 3.15E409 046 14.6
16600 1.16B406 0.60 164
MSOO 1.I5E409 042 16.0
36600 9.19E409 0.66 11.7
16)00 1.1SE409 047 174
UtOO 3.16E409 0.66 16.1
16600 1,191406 042 16.6
16600 3.16B406 O.M 184
16600 1.16E408 0.66 207
HMO 1.1ICMI 0.66 «.(
16600 1.I9E409 0.71 21.6
36600 1.16E409 0,71 327
16600 1.19E409 0.76 92.6
36600 3.15E409 0.71 21.6
16600 3.16E409 0.60 24.3
16600 9.15E409 0.6} 26.0
16600 3.15E409 0.64 26.7
36600 9.15B409 0.67 264
MIOO 1.1IE«06 0.61 27.1
36900 3.16E409 0.61 27.6
H600 i.ite«o» 0,1} 294
HMO 1.15E409 0.66 26.1
16900 l.tie««f 0.96 26.6
16900 l.1tE«09 1.00 30.6
1E600 1.15E409 1.01 1U
36(00 1.16E406 1,09 124
16900 1.16E409 1.07 12.7
16600 3.16E408 1.06 334
36900 1.15E409 1.12 14.1
16900 3.19E409 1.14 14.7

CALCULATIONS

W X 1-ERPflQ y 2 1-ERFGQ
0.000 .947&02 1.111 O.OOOE400 0.066 0409
0400 -tMK-n 1463 1495&03 0.142 0441
0.000 -179E-03 1.019 1.990C-02 0.1(9 0.714
0400 3.00E-02 0.666 9.6ME-03 0737 0.746
0.000 7.31E43 O.IK 6.779E-03 0770 0.702
0400 1.16S-01 0.670 6474B-02 0.111 0.696
0.000 1.68E-01 0.1J2 1417E-01 0.196 0.614
0.000 2.02E-01 0.776 1.196C-01 OJI) 0472
0.000 245E-01 0.726 1JKE-01 0442 0432
0.000 2.37E-01 0.694 1426E-01 0466 04>!
0.000 I.10E-01 0.140 1.696E41 0.626 0499
0400 1.73E-01 0486 14ME-01 0,671 0420
0.000 4.16E-01 0496 34MC-01 0.614 0465
0.000 449&01 0416 3703E-01 0497 0451
0400 942E-01 0476 347JE41 0.700 0.321
0400 949E-01 0441 3442E-01 0.742 0764
0400 6.69E-01 0406 3.712C41 0.769 0467
0400 6.31E-01 OJ72 2491&01 0426 0.341
0400 I.74B-01 0441 3.091C-01 0471 0.218
0400 T.17E-01 0411 3720E-01 0.914 0.166
0.000 7.60E-01 0.263 1.160E-01 0.697 0.176
0.000 642E-01 0.256 349IE41 1400 0.197
0.000 6.49E-01 0.212 3.729E-01 1.041 0.140
0.000 9.96E-01 0.201 1.I96H-01 1.0(9 0.126
0.000 6.11E-01 0.169 44UC-01 1.126 0.110
0400 6.74E-01 0.169 4.237E-01 1,172 0.011
0.000 1.02E400 0.160 '4407E-01 1714 04(6
0.000 146E400 0.114 4.576E41 U97 0479
0.000 1.10EMO 0.116 4.746E-01 UOO 04(6
0.000 1.15E400 0.109 4419E-01 1.341 0497
0.000 1.1(E*00 0.093 9.0ME-01 14(6 0.090
0400 1.23E400 0.012 6764E41 1426 0443
0.000 1.27E400 0.071 6433E-01 1473 0,017
0400 1J2E400 0.062 6463E41 1419 0.012
0.000 U(E400 0.094 6.762E-01 1466 0.026
0.000 140E400 0.047 5.932S41 1.601 0.034
0.000 14SE400 0.041 6.101E-01 1.644 0420
0.000 149E<00 0419 6771E-01 14(7 0417
0.000 143E400 0.030 6440B-01 1.726 0.014
0.000 1.67E400 0.026 6.610E-01 1.772 0.012
0.000 1.62E400 0.022 6.778E-01 1.616 0.010
0.000 1.66E400 0419 6.949C-01 1496 0.009
0,000 1,702400 0416 7.119C-01 1.901 0407
0.000 1.76E400 0.014 7758E-01 1.944 0406
0.000 1.78E400 0.011 7457E41 1467 0409
0.000 141E4W 0.010 142T&01 3.010 0404
0.000 146E400 0.006 7.766E-01 2.071 0409
0,000 142E400 0407 7.666E-01 2.116 0401
0.000 146E400 0406 6.119E-01 2.196 0402
0400 340E400 0409 9JOSB41 3.301 0403
0.000 249E+00 0.004 (474E41 2.244 0402

OVTfVT ^(^ INPUT
•|I,q WOO C|x,l) 1Q9 Cf.d|>,l|

fuofLI lutfLI imffltaOC} hmo/haOCI 1 iftfi 1 ritc> xim xfan>
14000 040 20040 1000.00 10000.00 0 040E+00 1,1 34,7
0.9693 0.00 16149 1000.00 (U2.66
0.6160 0.00 163.60 100040 6160.16
0.67(4 0.00 176.26 1000.00 6764.16
04)46 0.00 1C6.63 1000.00 634(46
0.7(29 0.00 166.66 1000.00 7(29.61
0.7911 0.00 190.26 1000.00 7912.69
0.7100 040 14241 1000.00 7109.10
0.6693 0.00 133.66 100040 6662.79
0.6292 0.00 129.64 1000.00 6261.61
O.H11 0.00 11746 1000.00 666(41
04916 0.00 110.91 1000.00 691940
04143 0.00 10246 1000.00 9142.99
04761 0.00 (943 1000.00 476142
04411 040 ((.(( 1000.00 4411.06
0.4090 0.00 (1.97 1000.00 4066.10
04776 0.00 764( 1000.00 1777.66
0X7! 0.00 C94B 1000.00 H72.M
041(2 0.00 (3.64 1000.00 31(243
0.2(07 0.00 96.19 1000.00 3107.35
O.H46 0.00 (247 1000.00 36464}
07409 0.00 46.11 100040 2409.26
0.2176 0.00 4146 1000.00 2177.77
0.1(66 ' 0.00 3942 1000.00 1(65.76
0.1711 040 KM 1000.00 17X.90
0.19(7 0.00 11.74 1000.00 15(6.61
0.1416 0.00 20.36 1000.00 141642
0.1269 0.00 2940 1000.00 12(4.97
0.1124 0.00 2249 1000.00 1124.01
0.0566 040 19.91 1000.00 669.72
0.0(76 0.00 17.96 1000.00 (79.16
0.0774 0.00 1646 1000.00 773.61
0.0676 0.00 1346 1000.00 676.66
04(94 0.00 1147 1000.00 6(9.63
0.0917 0.00 10.95 1000.00 617.41
04490 0.00 6.96 1000.00 446.51
04366 0.00 7.73 1000.00 369.24
0.0336 040 6.72 1000.00 333.94
0.0269 0.00 6.76 1000.00 396.99
0.0249 0.00 4.9( 1000.00 247.79
0.0213 0.00 443 1000.00 311.71
0.0190 0.00 3.61 1000.00 1(0.11
0.0169 0.00 1.09 1000.00 1(1.09
04129 0.00 249 1000.00 129.47
04109 0.00 2.16 1000.00 109.19
04092 0.00 149 1000.00 (1.72
0.0077 0.00 144 1000.00 79.91
040(4 0.00 179 1000.00 (4.11
04069 0.00 147 1000.00 93.32
04044 040 0.69 1000.00 4470
0.0037 0.00 0.73 1000.00 31.51

304 6J1EM6 1.1 M.7
40.0 176E+06 1.1 34.7
604 14(£<0( 1.1 34.7
604 242E+09 1.1 34.7

1004 3.19E*06 1.1 M.7
120.0 1.76E406 1.1 94.7
140.0 442E«09 1.1 34.7
1(0.0 5.09E409 1.1 34.7
1904 6.(6E«0( 1.1 34.7
2004 641E406 1.1 34.7
320.0 644E409 1.1 M.7
240.0 747E«06 1.1 M.7
260.0 (70E40( 1,1 M.7
3(0.0 (43E«0( 1.1 M.7
100.0 (46E409 1.1 M.7
1204 1.01E410 1.1 M.7
MO.O 1.07E+10 1.1 14.7
1«04 1.14C*1Q 1.1 M.7
960.0 170E410 1.1 M.7
400.0 U6E*10 1.1 M.7
420.0 1.92E+10 1.1 M.7
440.0 t.39£*10 1.1 M.7
460.0 146E+10 1.1 M.7
490.0 1.51E»10 1.1 M.7
9004 146E«10 1.1 M.7
620.0 1.ME.10 1.1 M.7
(40.0 UOE»10 1.1 M.7
MO.O 1.7IE.10 1.1 M.7
5(0.0 149E410 1.1 M.7
6004 1.69E410 1.1 M.7
630.0 1.6(E»10 1.1 M.7
6404 243E»10 1.1 M.7
160.0 2.06E«10 1.1 M.7
6(0.0 l.HE*10 1.1 M.7
1004 1J1E*10 1.1 M.7
720.0 377E*10 1.1 M.7
740.0 243E410 1.1 M.7
760.0 240E»10 1.1 M.7
7604 246E+10 1.1 M.7
(00.0 242E4-10 1.1 M.7
(20.0 24(E»10 1.1 M.7
(40.0 2.65E«10 1.1 M.7
6604 J.71E»tO 1.1 M.7
6604 3.76E»10 1.1 M.7
(00.0 3.94E»10 1.1 M.7
(204 1.IOE»10 1.1 M.7
(40.0 24(E*10 1.1 M.7
(604 94!E*10 1.1 M.7
((04 14»B*10 1.1 M.7

1000.0 1.15E»10 1.1 M.7

CALCULATIONS

w x 1'Cftpm v 2 1-ERprzi
0.000 1OMOI 10MOI (474E-01 (OMGI (CXVAII
0400 4.75E400 0400 (474E-01 4.042 0400
0.000 1716400 0400 6474B-01 94(6 0.000
0.000 2.06B400 0400 (474E-01 2.M6 0.000
0400 241E400 0401 (474E*01 3467 0.000
0.000 249E400 0404 (474C-01 2.244 0.002
0.000 145E400 0.009 (474C-01 2.067 0.003
0400 V70E400 0.016 6.474E-01 1.990 0.006
0400 147E400 0.011 6474E-01 1421 0410
0.000 1471*00 0.036 6474E-01 1.712 0.014
0,000 149E400 0.091 9474E-01 1.667 0.019
0400 140E400 04(( (474E-01 1413 0.024
0.000 171E400 04(1 (474E-01 149( 0.030
0400 1.17E400 0.066 6474E-01 14(0 0439
0.000 1.121*00 0.114 9474E-01 1447 0.041
0400 147E400 0.131 (474E-01 1410 0.041
0400 142E400 0.149 (474E-01 1.371 0492
0400 (42E-01 0.1(5 6474E41 144t 0.057
0.000 (44E41 0.1(2 (474C-01 1419 04(2
0.000 (46E-01 O.t(( (474E-01 U» 0.0(7
0400 (.76E-01 0716 (474E-01 1.270 0.072
0400 (45E-01 0.313 (474E-01 1746 0.077
0400 (.16C-01 0.24( (474E-01 1730 0.0(2
0.000 741E-01 0766 6474E-01 1.212 0.096
0400 7.69E41 0.291 (474E-01 1.119 0.091
0400 7J9E-01 .0.299 (474E41 1.1(0 0.09J
0400 7.16E-01 0.911 9474S-01 1.146 0.091
0400 (44E-01 0.92( (474E41 1.159 0.101
0400 6.71E-01 0441 6474E-01 1.140 0.107
0.000 (41E-01 0.15( M74E-OI 1.129 0.110
0.000 1.14E.01 0.170 (474E-01 1.111 0.114
0.000 (.16E-01 0.1M 6.474E-01 t.10( 0.117
0.000 546E-01 0.1(7 (474C-01 1.019 0.120
0.000 942E-01 0411 9474E-01 1.0(6 0.124
0.000 9.I1E.01 0434 6474E-01 1.060 0.137
0.000 t.IOB-01 0411 6.474EO1 1473 0.136
0.000 5762-01 0450 6474E-01 1.0(5 0.192
0.000 570E-01 0462 6.474E-01 1.057 0.135
0.000 6.06E'01 0474 6474E-01 1.051 0.137
0.000 4.99E-01 0496 6474E-01 1.044 0.140
0.000 4.71E-01 0499 9474E-01 1436 0.143
0.000 4.67E41 0.606 8.474E-01 1.092 0.144
0.000 4.94E-01 0421 6.474E-01 1.026 0.147
0.000 442E-01 0.992 9474E-01 1421 0.149
0.000 4JOE-01 0449 9474E-01 1416 0.161
0.000 4.19E41 0459 9474E-01 1.011 0.199
0400 449E-01 04«4 (474E41 1.007 0.154
0400 3.17E-01 0474 6474E-01 1.003 0.196
0400 147E-01 0466 1J74E-01 0466 0.166
0400 1.76E-01 0416 9.474E-01 04(4 0.160
0.000 9.6IS-01 0.604 9474E-01 0491 0.161

OUfl̂ *̂ """"
>l>4 woe c|«,tj (as c»<i|x,t|

l(ia/L1 IUDA.I imaniaOCI llmoAtaOCI
COIV/Ot 0.00 IDIVAI 1000.00 «DIV/OI
04000 0.00 0.00 1000.00 0.00
0.0000 0.00 0.00 1000.00 0.02
0.0001 0.00 0.01 1000.00 1.16
0.0011 040 0.21 1000.00 10.61
0.0037 0.00 0.73 100040 36.91
0.0099 0.00 1.70 1000.00 64.90
04196 0.00 3.12 100040 196.09
0.0246 0.00 4.96 1000.00 246.11
0.0357 0.00 7,19 1000.00 397.35
0.0460 0.00 9.60 1000.00 460.11
0.0611 0.00 12.26 1000.00 612.(4
0.0751 000 1Q49 1000.00 762.93
0.0699 0.00 17.99 1000.00 697.65
0.1045 0.00 20.90 1000.00 1046.17
0.11(4 0.00 33.59 1000,00 1193.96
0.1M3 0.00 36.99 1000.00 1M2.91
0.1491 0.00 2942 1000.00 1490.61
0,1137 0.00 32.70 1000.00 1137.32
0.17(2 0.00 39.63 1000.00 1761.74
0.1(24 0.00 36.47 1000.00 1(23.11
07069 0.00 4176 1000.00 2062.97
07159 0.00 43.99 1000.00 2199.31
0.2333 0.00 46,69 1000.00 2332.61
07463 0.00 46.26 1000.00 2462.60
0.2690 0.00 91.00 1000.00 2999.94
0.2714 0.00 94.27 1000.00 2713.73
079M 0.00 6(.(9 1000.00 2(M4(
0.3952 0.00 09.04 1000.00 2992.17
070(7 040 61J4 100040 906C.60
04176 0.00 63.57 1000.00 3176.46
0.3297 0.00 65.74 1000.00 32(1.22
0.33(3 0.00 (7.96 1000.00 1393.14
O.M66 0.00 69.93 1000.00 M96.31
0.3691 0.00 11.94 1000.00 39(6.60
0.3(99 0.00 13.69 1000.00 36H.10
0.37(0 0.00 75.60 1000.00 3710.06
0.3863 0.00 77.66 1000.00 3693.04
0.3(74 0.00 79.47 1000.00 3971.64
04062 0.00 6174 1000.00 4061.86
04146 0.00 02.96 1000.00 414(47
04232 0.00 (4.64 1000.00 4233.05
04314 0.00 66.38 1000.00 431347
04394 0.00 (7.96 100040 4391.90
0.4472 0.00 8944 1000.00 4471.90
0.4549 0.00 90.9( 1000.00 4949.04
0.4(21 0.00 92.4S 1000.00 49U.19
0.41H 0.00 93.90 1000.00 4(94.99
0.4766 0.00 15.32 1000.00 47(6.91
04935 0.00 96.70 1000.00 4835.20
0.4903 0.00 96.06 1000.00 4902.92

MM. 1: Mipl« from BquMon B.26. Oddinn la Oub^uwoi OrMgM IMmn Ctpplnj. EqiMttn arm &» i n<t«r at pmi(y din to Mlnllon of Knot
Molt 2: Input ptnmrtin in tiktn tnm rampM MitriMd ipratdthtu In Appindbt B of Cwpi guldinc*

InpJ vttocffy. cticutittd ndrddlen ficttr, (fid cticuMid dtptndon CMfUdlrt dnr«r from •xurplt' by 6 flrtw of pon>s9y du« lo lirm diflnRlon
OulpJ 11 eoroOTd to mmpl. Mitntid ipnitfrniK m Oppwdbt B of Corpi auldmi ti IMMI tilgtc

OUTPUT Mitiicid Exunplt
TIIM C|i,() C|i,t)
ftttn\ JtlflAI fUd/UI

100 0.13021K
500 61.16((1(

1000 ((.0683(1

0.701
61406
(7444

CifciMU CiidOU) U dMdtd by he le ottilft cirbon-norTnBni) nncuiiilloni

CSR Cip Modil yljM. MHhtid Enniili

•£
D. S'-'-'Chirdl 6/26/2003



Sensitivity Analysis of Chemical Isolation Analysis



Adva.
Kd-foe'Kwv

Saniltlvlty Analysts for Ch«mleal Isolation Analysis • Varying Co • Ur
PSR Suparfund Site

winon IMI.P.IBI

Cl.dW).C<«.mid.cap
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d«0.01*L

Krywna md Judd.llir. p.13l
unaar vatocRy calcuMlon

Partitioning dotation [ua ml> H
[IM not* 1]
T. Moyon JOOJ (USAGE)

<0.«1EXP(W)1E/tfC(X))«<0.5ie»P<YVERrC(Z)>

z*
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gRr"cn-

Vtn QanucHan end Alvtl (1t82)

»-(»aRT(1»<(4VD)A<"8)
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IUI

.....
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0 A
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0.1000

0.0000
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Kd
Kd.eip
Koc

PorMNtacoMWaMton In eip <UH) 1 w • 1-OMB-CI gm
Hhttnt pornvMtf eonc«rtrtlton (utfj 1 % wl • 1
«p MdlmwK ceneintratltin (mg*gOQ 1 * *H • 1 ,WE*O* mgA.
dtp«nMty(on) lm»1.- 1000 up«
dsptnton io»incl.r>1 (em.Vi) \ dry • IMOQ t*c

eoniBUdion dipth of iwUnw* (H)
cip mriautil ofgtnle c«l)on fnctton tV) 1 tool • 10.46 cm
mm partld* dinsRy UfltrtmS) 1 fWiy " 0.00035278 emrt»e

h»*d gridltnl (not uttd)
trworiUcatl tflilrlbuitwi co«ffld*nt (LAg)
cip dsinbuuen cMfflcNrt (LAg)
tolMnttr pirtlUon eo«ffld»nt (p/g)
ihkkJMssefc.>p((l)

•riMOn pHOtfty (/)
buft.)*nrty(omftm.))
rataydtttlon fttder (f)
Sim Strtflint QuJrtly BUndinl <moAg »rmfl*gOC)
1tm« (i)
Cip twcknm ton At* la î nnton of pwvmltr during conioaflfflwi (R)
flnt ontar dtxiy eoiulini (1A)'
•v«ng4 Bi«« grDuttdWaMtr vtlecdy (cmA) (nwmund)
diitinc* from eip bottom (cm)
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Tl.conlol*DLud/0»fKd.ctp}

cap tnlcknoaa lost du* to axprattlon or porowator
durtnd oontolldatlon Ifn

U'oniola e.»4 rotl (lyplcany noglguu)

eip tadlmtnt ConcartrtOxi Prefllt at ahan LMMan

StnillMty Cip Modiijdi • Co uppir D, Scnuchardl IM/2001



Stnsltlvlty Analysis for Gnomical Isolation Analysis - Varying Co • Upper B
PSR Suporfund Site

INPUT

Utftv) trite) «mi xrem)
3(900 3.1(6*09 o^o 0.0
>uoo 3.1(6*09 04( it
3(900 3.106*09 0.12 I.T
11100 1.116401 0.11 8.1
36300 3.1(6*0( 044 74
31600 3.1(E*0( 040 1.1
3(300 1.19E*09 tM 11.0
3UOO l.1«e«» 0X3 124
31100 ).1(CiO> 0X0 14.1
moo 3.136*09 tM H.I
9I900 3.11E*0( O.U 1(4
1ISOO 3.19E*0( O.H 20.1
3(300 3.1(E*0( 0.72 214
3(100 3.1tE*03 0.79 23.1
3<UO 3.1(6*09 O.U 294
3((oo 3.166*01 o.to 27x
1(300 3.1IE*OI O.IC 2t.3
3»00 3,196*09 1.02 31.1
36900 3.196+01 1.09 324
3(300 3.1«*09 1.14 34.7
36600 3.196*01 1.20 36.6
IHOO 3.19E10I 1.26 314
36100 3.196*01 142 40.1
36900 3.11E*09 1.36 42.1
3MOO l.«E«l 1M 43.1
3(300 3.19E409 140 41.7
36900 3.19E«0> '141 47.9
36900 3.136*0( 1.62 41.4
36100 3.136*0( 1.66 91.2
16WO 3.116*01 1.74 114
36900 3.19E*0> 140 M.I
36900 3.19E*06 1.66 66.7
3(100 3.19E*0( 142 SSI
36900 3.196*01 1.11 (OX
36900 3.1ie*OI 1.04 (1.2
36600 3.116*01 2.10 64.0
36SOO 3.1ie*0> 2.16 (34
36900 3.192*06 2.1] 67.7
36900 3.11E*09 2.26 Hi
31900 3.1t6*0t l.U 7U
36300 3.1tE*09 ' 2.40 73.2
16900 3.11E+09 146 79.0
36600 3.11E*01 3.93 71.6
36100 3.19E*OI 24( 71.6
36900 3.19E*0> • ' 2.64 60.9
3(100 3.196*06 2.70 91.3
36900 3.166*M 2.76 64.1
36900 3.196*06 2.62 66.0
36900 3.116*01 3.9> 67 *
3(900 3.196*01 2.64 61.6
36900 3,116*09 ' 3.00 (1/J

CALCULATIONS

w x i-ERMO Y z i-enrm
0.000 -8.76642 1411 0.0006*00 0491 0.601
0.000 6X2643 OJI3 3.3126-02 0.162 0.7t7
0.000 1.01B41 0.6(7 6.624C42 OJ76 0.616
0400 1.M641 O.m (43UM2 0471 0.600
0400 249641 0.6U 1421G41 0/469 0.111
0400 3.636-01 0460 1496641 0419 0/421
0.000 4.766-01 0/411 14(7641 0.663 0.399
0.000 9.72E-01 0/411 241(641 0.746 0490
0.000 6.666-01 0X1 2.6466-01 0.642 0434
0.000 7.606-01 0.262 1.1616-01 0.136 0.166
0.000 6.916-01 0.227 3.3126-01 1.030 0.146
0.000 1/416-01 0.160 3,6436-01 1.11! 0.111
O.«0 144E*00 0.140 3.1746-01 1.219 0.061
0.000 1.146*00 0.101 4.3016-01 U13 0.063
0.000 1436*00 0.062 4.636E-01 1/407 0.047
0400 143B*00 0.061 4.1M641 1403 0.034
0400 1/436*00 0.041 14(9641 149( 0.024
0400 141E«00 0.032 9.6306-01 1.610 0.017
0.000 1.61E*00 0.023 14616-01 1.764 0.012
0400 1.706*00 0.016 IJJ1E-01 1J71 0.006
0400 1.106*00 0.011 6.624641 1471 0.006
0.000 149E*M 0407 (41SE41 2467 0403
0.000 149B*00 0.001 7.211641 2.161 0.002
0.000 2.06E*00 0.003 7.6176-01 2.216 0.001
0.000 2.171*00 0401 7.646641 2.310 0.001
0.000 2.27C400 0401 1J7I641 2/444 0.001
0.000 1466*00 0.001 1411641 2431 0.000
0.000 2/46C*00 0.001 6J42641 2.633 0.000
0.000 1416*00 0.000. 1.273641 2.727 0400
0.000 2.616*00 0.000 1404641 2421 0.000
0.000 2.746*00 0.000 I431E41 2411 0.000
0.000 2436*00 0.000 1.0276*00 3.010 0400
0.000 243E*00 0.000 1.0105*00 3.104 0400
0.000 342E*00 0400 1.0636*00 3.116 0400
040,0 3.126*00 0.000 1.1H6.400 S.S93 0.000
0.000 3.21E-WO 0.000 1.1UE*00 3JI7 0.000
0.000 341E«00 0.000 1.1926*00 3/461 0.000
0.000 3X06*00 0400 1.1196*00 1471 0400
0.000 3/416*00 0400 1 .2966*00 3.170 0.000
0400 14(6*40 0400 1.1*26*00 3.714 0.000
0.000 3.666*00 0400 14216*00 1.116 0.000
0.000 1.71E«00 0400 1.3116*00 3J32 0.000
0.000 l.(7E*00 0.000 1.3116*00 4.047 0.000
0.000 3.676*00 0400 1/4246*00 4.141 0.000
0400 4461*00 0400 1X976*00 4231 0.000
0.000 4.116*00 0.000 1/4106*00 4429 0,000
0.000 4.318*00 0.000 1.1236*00 4/424 0.000
0.000 4446*00 0400 14976*00 4411 0,000
0400 4/44E*00 0400 I.INEtOO 4.612 0.000
0400 4.93E*00 0400 1413E*00 4.706 0400
0.000 4.6ie*00 0400 1.6966*00 4401 0.000

OUTPUT
•li,tl w« oi»,ii <a> cuiiix

fuaAl fuo/LI rma/kaOCI IfmafkaOCI
14000 2390.00 2400.00 11.00 4800.00
OJ062 2310.00 2171.64 11.00 4391.27
04192 1310.00 1191/44 11.00 3112.11
0.7211 236040 173443 11.00 WH.lt
0.1321 2390.00 1911.01 11.00 3031.01
0.9470 2390.00 1312.62 11.00 2629.64
0/4661 2330.00 1119.62 11.00 2239.04
0.3124 2310.00 141.11 11.00 199341
0.3294 2390.00 761.00 1140 1162.01
0.2661 2390.00 636.11 99.00 1277.09
OJ144 233040 114.91 11.00 1029.03
0.1702 2390.00 401X7 11.00 616.19
0.1331 2390.00 319X9 91.00 636.60
0.1021 2390.00 246.06 91.00 492.10
0.0771 2330.00 114.62 19.00 373.24
0.0981 2390.00 131.36 11.00 271.71
0.0427 2310.00 101X4 99.00 204.16
0.0309 2390.00 74.13 19.00 146.24
0.0120 2390.00 92.71 11.00 101.11
0.0194 2390.00 36.11 11.00 73.16
0.0106 2390.00 29X1 11.00 90.11
04072 2390.00 17.21 9940 34.18
0.0041 2390.00 11.94 99.00 23.01
0.0032 2390.00 7.37 11.00 19.19
0.0010 2310.00 4.19 11.00 1.71
0.0013 2330.00 3.10 11.00 1.21
04001 2330.00 1.14 99.00 3.61
04001 2330.00 1.11 11.00 2.31
0.0003 2390.00 0.72 11.00 1X4
0.0002 239040 0X3 11.00 0.19
0.0001 2390.00 0.29 19.00 0.90
0.0001 233040 0.14 11.00 0.21
0.0000 2330.00 041 11.00 0.11
04000 1390.00 0.04 1140 0.09
04000 2390.00 0.02 91.00 049
04000 139040 0.01 19.00 0.03
0.0000 1390.00 0.01 19.00 0.01
04000 231040 040 99.00 0.01
0.0000 231040 0.00 99.00 0.00
04000 1J50.00 0.00 11.00 0.00
0.0000 2360.00 0.00 11.00 0.00
04000 2330.00 0.00 11.00 0.00
0.0000 239040 0.00 99.00 0.00
0.0000 239040 0.00 99.00 0.00
0.0000 233040 040 91.00 0.00
0.0000 2390.00 0.00 11.00 0.00
0.0000 233040 0.00 39.00 0.00
0.0000 2330.00 040 99.00 0.00
04000 2390.00 0.00 9940 0.00
0.0000 231040 0.00 33.00 0.09
0.0000 2310.00 0.00 99.00 0.00

INPUT

tfyr) (me) K£U_ xfcnfl
o o.ooe*oo 1.0 30.1

104 3.196*06 1.0 304
204 1416*06 14 304
304 1X16*01 14 304
404 1.266*01 14 30.9
104 148E*OI 1.0 30.1
104 1416*01 14 304
704 2416*01 1.0 304
904 1426*06 14 304
10.0 2.146*01 14 30.9

100.0 3.136*01 14 30.9
110.0 3.47E*01 1.0 304
120.0 3.71E*OI 1.0 304
1304 4.16E«09 14 304
1404 4X26*09 1.0 304
110.0 4.73E*OI 1.0 304
1(0.0 1.01E*01 1.0 30.9
170.0 I.3IE*OI 14 30.9
1804 9.68E*OI 1.0 304
110.0 I.ME*09 14 304
200.0 1416*01 14 104
210.0 1.626*01 1.0 304
2204 1446*01 1.0 30.1
230.0 7.116*01 14 30.1
2404 7.97E401 14 304
2904 74(E*OI 1.0 30.1
2(0.0 6J06*09 14 304
270.0 6416*09 1.0 304
260.0 6436*01 14 304
290.0 1.166*01 14 304
300.0 9X(E*09 14 304
3104 I.76C101 1.0 30.6
320,0 1416*10 1.0 30.1
3304 144E*10 1.0 30.9
3404 147E*10 14 304
3904 1.10E-MO 14 304
360.0 1.1.E+10 1.0 304
370.0 1.176*10 1.0 30.1
3604 1.20E*10 1.0 304
3»4 1.23E«10 14 304
4004 1JIEHO 1.0 304
4104 1.216*10 1.0 304
4204 1426*10 1.0 304
4304 1.366*10 1.0 304
440.0 1316*10 14 304
460.0 1X26*10 14 304
460.0 1X16*10 1.0 30.1
470.0 1X16*10 1.0 30.1
460.0 141E*10 1.0 304
4M4 14(6*10 14 304
1004 1.11E*10 14 30.6

CALCULATIONS

w i 1-ERrm Y i i-enfrn
0400 mV/OI PDIVAI 9420E-01 6DMOI 4ONAI
0400 4441*00 0400 9420E41 4416 0400
0.000 3X76*00 0.000 (420E41 3412 0.000
0.000 2421*00 0.000 1420641 SJ1I 0.000
0.000 1X1E+00 0401 1.120641 2431 0.000
0400 l.UEtOO 0402 1420E41 UW 0401
0400 14(E*00 0406 9410E41 2.096 0.003
0.000 1406*00 0411 1420E41 1.811 0.006
0400 1.«6E*M 0411 1420641 143! 0.009
0.000 1476*00 0.026 1420641 1.731 0414
0.000 1X6E*40 0.036 1420641 14(1 0.011
0.000 1X1E*00 0.047 1420641 14(0 0.029
0.000 1446*00 O.OU 1420641 1.130 0.030
0.000 1.2(6*00 0471 1420641 1/476 0437
0.000 1.226*00 O.OM 1420E41 1X33 0.043
0.000 1.166*00 0.017 1420641 1410 0441
0.000 t.136*00 0.110 9420641 1493 0416
0.000 1.0(E*00 0.113 1420641 1J1I 0462
0400 1411*00 0.136 1420E41 14(1 0461
0.000 1. 018*00 0.190 9420641 1,2(1 0.071
0.000 1476-01 0.113 1420641 1.2)5 0.011
0.000 1.17641 0.171 14206-01 1411 0417
0.000 . 1.21E41 0.1(9 14206-01 1.169 0.013
0.000 I.03E41 0402 9420641 1.163 0418
0.000 6.7(6-01 0.214 9420641 1.190 0.104
0.000 (49E-01 0427 9420641 1,132 0.109
0.000 1.336-01 0431 1420E41 1.114 0.111
0.000 1.12641 0411 1.120641 1.100 0.120
0.000 7.12641 04(3 (420641 1.081 0.121
0400 7.73E41 0.274 14206-01 1.072 O.ltt
0400 741641 OJtt 1410641 1.019 0.134
0400 741641 0417 1.I20E41 1.047 0.131
0.000 741641 0401 9420E41 1.039 0.143
04M 749641 0411 1420E41 1,024 0.147
0400 140641 0421 1420641 1.014 0.1(3
0.000 (.71641 0.340 1.130641 1.004 O.tU
0400 (41641 0410 1.120641 04(1 0.1(0
0.000 (XIC41 0460 1.910E41 0.((( 0.1(3
0400 (49E41 049( 9420E41 0.177 0.1(7
0.000 642641 0.376 1420641 0.1(3 0.171
0.000 (.10641 0466 1.120641 04(1 0.174
0400 141641 0.311 1420641 04M 0.177
0.000 147641 0X07 9410E41 0447 0.1(1
0.000 (.71641 0X11 (420641 0440 0.164
0.000 1.616-01 0X11 1420641 0433 0.1(7
0.000 1.14641 0X33 1420641 0427 0,110
0.000 IX4C41 0X42 I.920E41 0.121 0.113
0.000 944E41 0X90 9420E41 0.919 0.1M
0.000 949E41 OX9( (410641 0.901 0.1K
0.000 t.116-01 0X66 1420641 0.104 0.201
0.000 1.0(641 0X74 1420641 0411 0.204

OUTPUT
BIIM wao C|«,i| (as CIMO.H

(ua/ll (itg/UI iQflAaOci IlingfrjOC]
4O<V/OI 2300.00 (OIV/OI 11.00 *OIVAI
04000 2390.00 0.00 19.00 0.00
04000 2330.00 0.00 99.00 0.00
0.0001 2310.00 0.11 19.00 0.31
0.0001 2390.00 1X0 19.00 240
0.0022 2390.00 9.21 1940 1048
0.0094 233040 13.01 11.00 2(42
0.0104 13(040 24.94 99.00 4949
0.0170 2390.00 40.10 11.00 (140
0.0262 2310.00 (0.36 11.00 120.72
0.0341 23(0.00 13.71 11.00 1(6X1
0.0447 2310.00 107.32 11.00 214.64
0.0097 2310.00 133.69 61.00 217.30
0.0(71 2330.00 1(1.22 11.00 322X4
0.0710 2390.00 1(9.63 99.00 379.17
04(11 2310.00 211.17 11.00 437.14
0.1032 2390.00 347.77 11.00 49943
0.1194 23(040 277.02 11.00 994.09
0.1271 231040 306.19 (9.00 112.36
0.1396 131040 339.11 99.00 670.21
0.1011 2310.00 3(3.71 11.00 727X1
0.1(33 3310.00 311.91 99.00 713.11
0.1749 2310.00 41(.(( 99.00 939.31
0.1U2 2330.00 44(42 (9.00 (9343
0.1(74 2190.00 47343 (1.00 147.31
04013 2330.00 411.19 (1.00 999.70
0.2110 1190.00 921.49 19.00 1030.98
042M 23(0.00 190.98 11.00 1101.11
043M 231040 979.11 1940 1110.22
04491 2310.00 199.01 18.00 1118.17
04194 1390.00 622.91 99.00 1241.03
04(61 2310.00 641X0 (9.00 129040
04792 23(0.00 M7.7( 11.00 1339.91
04973 139040 (((.(( 19.00 1371.11
04911 1390.00 710.92 99.00 1411.84
04049 2330.00 731.71 19.00 14(3.10
04134 2130.00 762.10 19.00 110440
0.3317 231040 771.98 99.00 1143.93
04297 2330.00 791X0 11.00 1162.79
0.3377 2310.00 610.37 11.00 1620.74
04414 2330.00 (2(42 19.00 161743
04321 2330.00 (47.04 19.00 1(9441
0.3(03 2310.00 864.76 91.00 1729.91
0.3179 231040 012.06 11.00 1764.17
0.1746 233040 131.03 11.00 1711.01
04111 2330.00 111.80 (1,00 1111.11
OJK1 1310.00 93141 11.00 11(342
0.3949 2310.00 94747 (9.00 1(91.39
0X011 2390.00 1(3.20 11.00 KK.40
0X077 3390.00 97(XO (9.00 199(40
0X131 2390.00 993.26 39.00 19M.K

Noli 1: MipM from EquKlon B-21. OJ«n» fir SuuquMta DrwgM M««ul Ctppmj. 6<u«l«i ow.pi by • ficlu or pomty dui lo dxlnlion ol limii
Hat 2: . CiKuMxl CIM OU) U tMta by roe to OMUI ctttoiMiomunnd connntrMm
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Stntltlvlty Analysis for Chemical Isolation Analysis - Varying Co • Lower
PSR Superfund Site

INPUT

1 larfi 1 riael i rtn X fern)
3(900 1.18G*09 040 0.0
MiOO 1.19E«09 0.01 1.9
uuo 3.»E«09 o.i> i.T
U9W 1.19E»09 0.11 1.9
HMO 1.19E*0( 0.24 7.J
iitoo i.i9E*oi o.w 1.1
woo i.i«E*oi O.M 11.0
11900 3. HEMS 042 12.1
HtOO >.1«E«» 049 1t.l
3(000 1.19S+09 0.94 11.9
]««00 1.19E*09 0.10 19.3
31000 1.19E*0( O.M 20.1
3(900 1.19B*0( 0.72 21.1
3(900 i.i(E*oi o.Ti 23.0
3(900 1.19E*09 0.04 2S.(
1(900 1.19E+09 O.M 274
3(900 l.19E*Ot O.il 21.1
11500 1.19E«09 1.02 31.1
3(900 1.19E*09 1J» HI
»9M 1.1(E*01 1.14 M.7
3(000 1.19E409 1.20 3(.(
1(000 1.19E*09 1.2( ».4
1(900 1.190*09 U2 40.2
1(900 . 1.19E*m US 42.1
1(900 ' 1.19B*0» 144 414
1(100 I.11B*0» 140 49.7
1UOO 1.19E*09 141 47.0
1(900 1.19E*09 141 494
1(900 l.19E*m 1.C9 01.2
1(900 I.19E*0> 1.74 914
3UOO 1.19E-MI 1*) 944
11900 1.19C<09 Lit ti.7
11900 >.18B*01 1.12 9U
1(900 l.19E*Ot UO (04
11100 l.lBBtOl 1M MJ
1(900 1.19E409 J.10 (4.0

-1(900 :1.19E«09 2.19 (9.(
1(900 1.1JE«09 2.J2 (7.7
1(900 1.196*01 JJ! US
1(900 1.19E*01 244 714
1(900 I.19E*09 240 73 J
9(900 1.1(E*09 24( 794
1(900 1.19E*OI 2.02 7(.(
1(900 1.19E«09 2.90 7«.«
1(900 1.18E«1 2.(4 004
1(900 9.19E*01 2.70 (24
3(100 1,19C*09 2.7( M.1
1(900 1.198*09 242 ((.0
19900 3.15B*09 249 (7.9
uno i.isB«o» i.«4 n.t
3(900 1.19E*01 3.00 914

CALCULATIONS

w x 1-cwm v z i-ennri
0.000 -0.7(fr*2 1.099 0400B*00 04*0 O.tOI
0400 (42C-03 O.N1 1.112B-02 0.1(2 0.717
0.000 141E-01 0.107 M24E-0) Oi7« O.lll
0400 149E-01 0.7(1 I.I39E-02 0471 0.900
0.000 249E-01 0.183 1.120E-01 04(9 0411
0.000 141E41 0401 1.(9(E-01 0499 0421
O.OM 4.7(E-tt 041( VWTfi-Ol 0491 0.199
0.000 0.72E-01 0411 24KE-01 0.740 HMO
HMO (.((E-01 0>l« 2449E41 0442 0.2J4
0.000 7.90E41 0.202 1.M1B-01 O.U( 0.10C
0.000 949E-01 0.227 1J12E-01 t.010 0.149
0.000 949E-01 O.tOO 1.M1E-01 1.129 0.112
0.000 144E*00 0.140 1474C-01 UK 04«(
0.000 1.14E*00 0.100 4409O01 1411 0.0(1
0400 1.21E*00 0.00] 4.U6&01 1.407 0.047
0.000 1J1E*00 0.0(1 44(ae-41 1402 0434
0400 142E*00 0.049 9.29MM1 1411 0424
0,000 141E*00 0.012 9.930&01 14(0 0.017
0.000 1.(1B*00 0.021 9.M1E-01 1.714 0.012
0.000 i.70E*oo 0.010 ui:e-oi 1.971 o.ooo
0.000 1.00C««0 0.011 I.(24£-01 1471 0409
0.000 l.eis«o 0.007 uooe-oi 2.0(7 0.001
0.000 1.»E«00 0.009 7JME-01 2.1(1 0402
0400 I.0ie«0 0.001 74176-01 13tt 0.001
0.000 2.17E4CO 0402 7440141 2.190 0.001
0400 2.27E400 0401 1J7MM1 2444 0401
0400 2.3<E«0 0.091 1.I11E41 2411 0.000
0400 24(B«00 0401 (.M2E41 2411 0.000
0.000 249E«00 0.000 UTlfrOI 2.727 0400
0400 249E400 0400 M04E-01 2421 0400
0400 2.74E400 0.000 (419E41 2419 0400
0400 243E400 0400 1427EMO 1410 0400
0.000 241E400 0.000 1.0108-WO 1.104 0400
0400 1.02E400 0.000 14MC««0 3.1 H 0.000
0400 1.12EMO 0400 1.12IE400 )Ml 0.000
0.000 IJIE-WO 0400 1.1«IS«0 10»7 0.000
0400 U1C400 0400 1.1I2THOO 1491 0.000
0.000 140E«0 0400 U20EMO 1470 0.000
0.000 14IEMO 0.000 U!9S«0 l.(70 0400
0.000 14IE400 0.000 1JIJC«0 1.7(4 0400
0.000 l.((EK» 0.000 1J29E<00 1490 0.000
0400 1.7(E<00 0.000 U9te<00 9492 0.000
0.000 147E400 0.000 UI1B«00 4447 0.000
0.000 l.irE«0 0.000 1424C<00 4.141 0.000
0.000 449E400 0.000 1.4876*00 4J11 O.OOO
0.000 4.10E400 0.000 14IOC400 4JM 0.000
0.000 4J9E1CO 0400 14236*00 4424 0.000
0400 4J4E*00 0.000. 14976*00 4.911 0.000
0.000 444E400 0.000 14>OC*00 4412 0400
«,OM t.9U«00 OMO U«e«0 4.TOI 0400
0.000 4.92E*00 0400 149(6*00 4401 0.000

OUTPUT
l|«,i) wqo cijfl ta> ciM|«,q

fuo/LI fuifl.) ImufkaoCI ItmoAaOCI
14000 2390.00 3(4.00 ».00 720.00
O.fOtt 2390.00 310.90 H.OO 111. 1«
04192 239040 219.73 91.00 91140
0.7221 2190.00 2(1.12 19.00 92U1
O.U2I 2190.00 210.19 19.00 4(0.77
0.9470 2390.00 1IM1 9t.OO 1MJ2
04UO 1390.00 1(l.7> 11.00 11149
0.3124 2190.00 14241 M.OO 2(9.94
0.12M 2U040 111.49 MM 23(40
0.2(91 2190.00 9(.t9 tl.OO lll.d
0.1144 2190.00 79.01 11.00 111,07
0.1702 2390.00 (t.19 (9.00 12140
0.1111 1190.00 4(49 (1.00 140
0.1020 1190.00 17.12 M.OO 444
0.0770 219040 29.10 (9.00 (41
04U1 23(0.00 21.14 tt.Od 1.27
0.0427 2300.00 19.94 H.OO 1.07
O.OMt 2390.00 11.24 19.00 240
04220 2190.00 (.00 (0.00 (.01
0.01H 2190.00 941 M.OO U2
0.0101 2190.00 147 M.OO 7.71
0.0072 219040 2.H M.OO 0.29
0.0049 2190.00 1.79 (9.00 1.90
04012 2190.00 1.19 H.OO 2.10
04020 2190.00 0.74 M40 \tt
0.0013 2190.00 047 19.00 O.M
0.0000 2190.00 0.29 19.00 0.01
0.0009 239040 0.10 (9.00 OJI
04001 219040 0.11 11.00 022
04002 219040 04( M.OO 0.11
0.0001 2190.00 0.04 9140 0.09
0.0001 2190.00 042 H.OO 0.04
0.0000 2390.00 0.01 H.OO 0.02
0.0000 2190.00 0.01 15.00 0.01
0.0000 219040 0.00 99.00 0.01
0.0000 2190.00 0.00 99.00 0.00
0.0000 2190.00 0.00 99.00 0.00
0.0000 2190.00 0.00 H.OO 0.00
0.0000 2190.00 0.00 (9.00 0.00
0.0000 2190.00 0.00 M.OO 040
04000 2190.00 040 H.OO 0.00
0.0000 2190.00 040 11.00 040
0.0000 2390.00 0.00 H.OO 0.00
04000 2390.00 0.00 99.00 0.00
04000 2390.00 0.00 (1.00 0.00
0.0000 2390.00 0.00 M.OO 0.00
04000 2390.00 0.00 99.00 0.00
04000 2390.00 0.00 H.OO 0.00
0.0000 2390.00 0.00 tl.OO 0.00
O.WOO 1»O.M 040 M.OO 040
0.0000 230040 040 99.00 0.00

INPUT

I M\ \ittt) xtn x (tirtt
0 040E*00 1.0 104

104 1.198409 14 U4
204 (,11B*01 1.0 104
10.0 (4(E*0( 1.0 104
404 1J«E«I 1.0 104
90.0 14«E*OI 1.0 104
(0.0 14IE*M 1.0 104
70.0 2.21E*OI 1.0 104
(0.0 242E«Ot 14 304
90.0 3.94B+01 14 104

100.0 ].19E*OI 14 10.9
110.0 147E*09 1.0 10.9
120.0 1.79E«OI 1.0 10.9
110.0 4.10E*OI 1.0 10.9
140.0 4.42E*09 1.0 104
1(0.0 4.71C40* 14 104
1(0.0 1.05E*01 1.0 104
170.0 1,3SE*0» 1.0 10.9
190.0 949E*09 14 10.9
190.0 949E*0( 1.0 10.9
2004 941E-M9 1.0 90.9
1104 942E*Of 1.0 104
2204 (44E*09 1.0 104
2304 7J9E*09 1.0 . 104
2404 747E*0( 14 »4
2904 74(E*0( 1.0 104
2104 120E««9 1.0 104
2704 141E*09 14 104
290.0 I41£«M 1.0 104
2904 9.19E*0( 1.0 U4
9004 (4(E*09 14 104
1104 I.70EW9 1.0 104
1204 141B*10 1.0 104
1104 144E*10 14 104
M04 147E*10 1.0 304
190.0 1.10C«10 1.0 104
110.0 t.14S»10 14 104
3704 1.17E*10 14 104
1(0.0 UOEtlO 1.0 304
1(0.0 1.21B410 1.0 104
400.0 UIEHO 1.0 H4
4104 t.»B*10 1.0 104
420.0 U2E*10 14 M4
410.0 1J6E*10 1.0 104
440.0 14(C«10 1.0 104
490.0 142E+10 1.0 104
490.0 14(Ef10 14 104
470.0 M9E*10 14 104
4M.O 141E«10 1.0 10.9
490.0 1.UE410 14 10.9
900.0 140C*10 1.0 104

CALCULATIONS

w x .̂fptpnp Y z ^.^rvrzi
0400 (OMOI flOIV/OI 9.920E-01 ffOIV/DI *DrWOI
0400 4.»4B«0 0400 9420E41 4.N9 0.000
0400 147B«00 0400 9420E-01 1.992 0.000
0400 2Jie*W 0400 9420E41 2411 0400
0400 241E*00 0401 9420E-01 2419 0400
0.000 2.1(E*00 0402 6.8206O1 2.204 0401
0.000 i4(e*n mat «,»KB-OI j.oit 0.009
0400 140E*00 0411 9.920E41 1491 0409
o.ooo i.ue*w 041« i4ue.oi i.ns 0.009
0.000 147E*00 0429 9.920E41 t.7» 0414
0.000 14(E*00 0.01( 9.920E-01 1491 0.011
0.000 141E*00 0.047 9420E41 1.990 0.020
0.000 I.ME tOO 0491 9420E-01 1410 0.030
0.000 1J(B*00 0.071 O.OIOE'01 1471 0.017
0.000 UJEtOO 04*4 9420E41 1412 O.M1
O.OW 1.1W<«0 0.017 9410E-01 1410 0441
0.000 1.11B*00 0.110 9.920E-01 1.193 0491
0.000 I.OlEtOO 0.121 9420E-01 1.319 0.0(2
0400 1.09E+00 O.IK 9.920EO1 1.2(9 0.0((
0.000 142E*00 0.190 9420E'01 1.2(1 0.070
0.000 9J7E-01 0.1(1 9420E-01 1.239 0.091
0.000 I47C-01 0.179 (42DE-01 1.211 0.007
0.000 9J9E-01 0.1H 9420E-01 1.1(1 0.093
0.000 I41E-01 0.202 (420E41 1.1(9 0499
9M» (.T1E-01 0114 t.UOE.41 1.110 0.104
0400 (49E-01 0427 9.920E41 1.112 0.101
0400 (43C41 0419 9420E-01 1.1K 0.119
0400 I.1ZB-01 OJ91 9420C-01 1.100 0.120
0.000 742E-01 0.2(1 9420E41 1.0t( 0.129
0400 7.71E41 OJ74 9420E41 1.071 0.129
0400 749E-01 OJM 9420E41 1499 0.134
0400 7JJE-01 OJ17 9420E41 1447 0.111
0400 7J1E41 0401 U20E-01 1.039 0.149
0400 749E-01 OJ11 9420E41 1.014 0.147
0400 I40&01 OJJI I4MC-01 1414 0.1«
0400 (.79E-01 0440 84JOE-01 1.004 0.199
0400 (41E-01 0440 9.920E-01 0419 0.190
0400 (4K-01 04(0 9.920E41 0.1H 0.1(3
0400 I.UE41 04(9 S420C41 0477 0.1(7
O.NO (J2C-01 OJ7t 9.920C-01 0.9(1 0.171
0400 MOE-01 OJ99 1.920E-01 04(1 0.174
0.000 9.HE-01 OJ1« 9420E41 0494 0.177
0400 947E-01 0X07 <42oe-41 0.947 0.191
0400 9.79E-01 0419 9.920E-01 O.MO 0.194
0400 (49E-01 04» 9.920E-01 0413 0.1(7
0400 044E41 0411 t.920E>01 0427 0.1(0
0400 944E41 0442 0420E-01 0.921 0.193
0.000 9.14E-01 0490 9420E-01 0419 0.191
0400 9J9E-01 0499 9.910E-01 0.909 0.111
0.000 9.19C-01 04(1 9420E41 O.M4 OJ01
0.000 94(C-01 0474 9.920C41 04(9 0.204

UUIPUI
B|x,t) wao c(x,i| <QI ci.dix.g

luafLI l^a/Lt fmfl/kaoci IrmartraOCl
(orvni 2100.00 wiv/oi 99.00 aorvjoi
04000 2190.00 0.00 99.00 0.00
0.0000 2990.00 0.00 9(40 0.00
0.0001 2190.00 0.02 (9.00 0.09
04009 2190.00 0.21 It.OO 042
0.0022 2390.00 0.90 19.00 1,11
0.0094 219040 1.97 9140 1.99
04104 1390.00 3.71 91.00 7.97
04170 2U040 (10 99.00 12.41
0.0292 2390.00 1.19 19.00 11.31
04349 2300.00 12.04 99.00 19.09
0.0447 2300.00 t(.20 99.00 32.99
0.09S7 2390.00 20.2 M.OO 40.94
0.0(72 2190.00 244 M.OO 49.10
0.0790 2190.00 29.7 (9.00 97.92
04»11 2390.00 33.1 99.00 ((.10
0.1012 2390.00 374 (9.00 70.19

.1194 2100.00 42.0 tt.OO (4.03

.1279 2390.00 4(44 (9.00 (2.97

.1399 2390.00 90.0 99.00 101,58

.1919 2190.00 99.1 (9.00 11042

.1931 2390.00 9944 99.00 119.M
0.1741 2390.00 (l.» ((40 127.30
0.1X2 2390.00 (7.79 (9.00 119.99
0.1(74 2350,00 71.04 9940 141.97
0.2003 2390.00 70.01 99.00 191.92
0.2190 2390.00 79.70 9(40 19(40
0.22M 219040 9340 M.OO 1(7.01
0.23M 2190.00 (7.13 19.00 17440
0.2411 219040 90.0( (9.00 111.72
04994 2190.00 M41 19.00 19143
0.2(99 2990.00 9749 19.00 199.77
OJ792 2390.00 101.29 ((.00 202.99
04(73 239040 10449 (1.00 209.19
0.2992 239040 107.92 99.00 21949
0.1049 2390.00 110.90 M.OO 22149
OJ114 219040 11447 M.OO 220.14
04217 239040 11740 99.00 214.17
OJ217 2390.00 120.03 99.00 2404(
04177 2390.00 122.91 99.00 249.91
04494 2390.00 129.72 9940 29144
0.3929 2390.00 12947 99.00 299.M
0.1(03 21M.OO "VIS 99.00 2(2.11
04(79 2190.00 133.79 91.00 297.97
0.3741 2190.00 11949 99.00 272.70
04919 2390.00 130.97 M.OO 277.73
04003 2390.00 14142 M.OO 292.99
04949 2190.00 143.73 (9.00 29749
04013 2390.00 14(49 (9.00 2(2.17
04077 23U40 140.39 1(40 2((.7(
04139 2190.00 180.19 99.00 301.30

Nol> 1 : Mipua Iran Equation B-29. OuUinci IW >uta*i4«n DrMgad MiUrtal Capping. tquilfcn «I«n ty • fielw of pwoMy Hut li oVInlun of lirmi
Not* 2: CaleuMad CladOcA I* dMdad by roc 10 obtabi caibofMMRnalM ednctntratlons
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Sensitivity Analysis for Chemical Isolation Analysis 'Varying Kd • Upper BI
PSR Superfund Site

INPUT

twtvi irtoci xfln xiciw
34600 3.19E409 0.00 0.0
»MO 3.10B409 OJ1I l.t
1UOO 3:1311409 0.11 ).?
J9900 1.19E409 0.1S- «.8
31100 1.1IE409 044 74
lltOO I.19E409 040 9.1
39900 1.19E409 049 11.0
HMO 1.19E409 041 11.1
31100 1.19E409 041 14.1
3UOO 1.16E409 044 194
31600 i.itE409 0.99 194
91900 3.19E409 0.11 M.1
39900 3.19E409 0.73 114
1»00 1.19E409 0.7* 13.0
3»00 3.19E409 044 ».t
1UOO 3.166409 040 274
3»00 3.19E409 OJt 21.)
3(900 3.19E409 141 31.1
3HOO 1.166409 1,09 119
3»00 1.186409 1.14 34.7
3IMO 9.19E409 140 31.1
19900 1.19E409 Uf 3)4
34900 i.t9E409 1.11 404
3UOO 3.19B409 Ul 41.1
3ISOO 1.1SB«» 144 43.1
31900 1.16E409 140 49.7
31900 3.19E40I 149 47.1
1UOO 1.19E409 1.C2 4>4
31900 3.19E409 Lit 91.2
39900 1.19E409 1.74 U.O
39900 3.19E409 1.80 94.t
39900 3.19G409 149 99.7
39900 1.19E409 1.92 9U
M900 V16E4M 1.»9 904
31100 3.19E409 2.04 91.2
39900 3.19E«09 1.10 94.0
39900 1.11E409 2.19 99.9
39900 1.19E409 Ul 97.7
39900 3.19B409 249 99.6
39900 3.19B409 2.34 71.3
39900 3.19E409 240 71.2
3C900 3.19B409 249 79.0
39900 1.19E10I 2.92 79.9
39900 1.19E10I 249 79.9
39900 1.19E409 1*4 10.9
39900 1.116409 1.70 92J
39900 3.19E409 2.79 94.1
39900 I.19E409 2.92 99.0
39900 1.19E409 2.99 97.9
39900 1.19E409 2.94 19.9
39900 1.19B409 3.00 914

CALCULATIONS

w x i-efvm v z i-ewm
0.000 -247E-02 1.023 0400E400 0.021 0.977
0.000 140E-01 0491 1411E42 0411 0.811
0.000 741E-01 0470 9424&02 042J. 0449
0400 1.19E400 0.099 94386-02 14JJ 0494
0400 1.99E400 0.020 14296-01 1.9» OJ)2!
CAM 1.99&00 O.OM UME-C1 2.024 0.004
0.000 249E400 0.001 14176-01 2429 0.001
0.000 1.7IE400 0.000 2410C-01 !.«!» 0.000
0.090 3.19E400 OjOOO 2449W1 U29 0.000
0400 149E400 0400 J4J1E-01 3.927 0.000
0.000 349E400 0.000 1412E41 4.027 0.000
0400 449E400 0400 344)2-01 4429 0400
0400 4.798400 0.000 3474E-01 4.929 0.000
0400 6.1*6400 0.000 44056-01 9429 0.000
0400 9.116400 0.000 4.939E-01 9.930 0.000
0.000 6.9)6400 0.000 4.K9E41 9.030 0.000
0400 949B400 Q.OOO 9499C-01 9431 0400
0400 9.796400 0400 6.930(41 9.912 0.000
0400 7.116400 0400 6.H1E-01 1311 0.000
0.000 7J96400 0400 9492E-01 7.933 0.000
0.000 74IE400 0.000 9.924E-01 9434 0.000
0.000 949E400 0.000 I4S5E-01 9434 0.000
0.000 9.79E400 0400 7.MIE-01 9.915 0400
0400 9.19E400 0400 7417641 9439 0.000
0400 9JOE400 0400 7449E-01 9.939 0.000
0400 140E401 0400 9J7IE-01 10437 0400
0.000 144E-M1 0.000 9J11E-01 10439 0400
0.000 149E401 0.000 9.M3E-01 10.939 0.000
0.900 1.12E401 0.000 S.I73E-01 1U3I 0.000
O.MO 1.19E401 0.000 ».K45-01 11.940 0.000
0.000 1iO£«1 0400 9.939E-01 11.040 0.000
0.000 1XE«1 0400 1427E400 12441 0.000
0400 1.29S401 0.000 1.0IO£«0 12.64] 0.000
0.000 1.32B401 0.000 VCHE-WO 11J42 0.000
0.000 1.39E<<1 0400 1.119E400 13.941 0.000
0.000 140E401 0.000 1.199E400 14.044 0.000
0400 144E-M1 0.000 1.1IMWO 14444 0.000
0.000 149E401 0400 1.229E400 14.94t 0.000
0.000 U2E40I 0.000 U99E440 \tMt 0400
0.000 149E401 0.000 UI1E«00 19.949 0.000
0.000 1.90E401 0.000 U29E100 19.047 0.000
0.000 1.KE-W1 0400 U99E4CO 19.447 0.000
0.000 1.99E«1 0400 1.391E«00 19.949 0.000
0400 1.71E<01 0400 1424E<00 17.249 0.000
0.000 1.TCE-W 0.000 14t7E<00 1T.M» 0400
0.000 1JOE401 0.000 1490E«00 11.090 0.000
0.000 144E401 0.000 U13E-MO 19491 0.000
0.000 1.99C401 0400 U97E400 10.991 0.000
0400 1.92E401 0.000 1J90E*00 19J92 0.000
0.000 I.«E«1 0400 1.9UE400 tl.HJ 0400
0 000 2 OOE401 0.000 1 9SCE400 20493 0.000

OUTPUT
•Ml me c(x,i| tai Cotd|«x

(ualU (uoAl (moAaOCl limoftaOCI
14000 2390,00 729.00 1940 29310.00
04904 1390.00 420.91 99.00 1931740
0.1997 2390.00 192.94 9940 7011.21
0.0937 2390.00 9741 99.00 2472.10
0.0260 1390.00 19.14 99.00 990.29
040M 2UO.OO 3.93 99.00 132.13
04007 2390.00 044 99.00 19.99
04001 2390.00 0.09 99.00 2.19
04000 139040 0.00 99.00 0.19
0.0000 2390.00 0.00 99.00 0.01
0,0000 2390.00 0.00 9940 040
04000 2390.00 0.00 9940 0.00
0.0000 2390.00 0.00 9940 0.00
04000 2390.00 0.00 9940 0.00
04000 2190.00 0.00 9940 0.00
04000 2390.00 0.00 99.00 0.00
04000 2390.00 0.00 99.00 040
04000 2190.00 0.00 99.00 0.00
04000 239040 0.00 9940 040
04000 3390.00 0.00 99.00 040
0.0000 2390.00 0.00 99.00 040
0.0000 219040 0.00 9940 0.00
0.0000 2)90.00 0.00 9940 040
0.0000 2390.00 0.00 99.00 0.00
0.0000 239040 0.00 99.00 0.00
0.0000 2390.00 0.00 99.00 0.00
0.0000 2390.00 0.00 99.00 040
04004 139040 040 9940 0.00
0.0000 239040 040 99.00 0.00
04000 2390.00 0.00 99.00 0.00
0.0000 239040 0.00 9940 040
04000 239040 0.00 9940 0.00
0.0000 23SO.OO 0.00 9940 0.00
0.0000 2390.00 0.00 9940 0.00
0.0000 2390.00 0.00 99.00 0.00
04000 13M.OO 0.00 9940 0.00
0.0000 2390.00 0.00 99.00 040
0.0000 2390.00 040 99.00 0.00
04000 2390.00 0.00 99.00 0.00
0.0000 2390.00 0.00 9140 0.00
0.0000 2390.00 0.90 99.00 0.00
0.0000 2390.00 0.00 99.00 0.00
0.0000 2390.00 0.00 99.00 0.00
04000 2390.00 0.00 99.00 0.00
04000 2390.00 0.00 99.00 0.00
04000 2390.00 0.00 99.00 0.00
04000 2390.00 0.00 99.00 0.00
0.0000 2330.00 0.00 99.00 040
0.0000 2390,00 0.00 99.00 0.00
04000 2350.00 040 99.00 040
0.0000 2390.00 0.00 99.00 0.00

INPUT

1 NA 1 ft*c\ I flft x f eirrt
0 0406^00 14 30.3

20.0 9.31E409 1.0 30.9
40.0 1.29S409 1.0 304
904 1.99E409 1.0 904
90.0 242E449 14 10.9

100.0 1.19E409 1.0 304
120.0 1.79E409 1.0 304
140.0 441E409 14 10.9
190.0 9.06E409 14 10.9
1904 6.99E409 1.0 104
200.0 «J1E«1 14 304
2204 9.94E449 14 104
1404 7.9TE409 14 304
2904 9.20E409 1.0 30.9
290.0 9.9)E«9 14 104
100.0 9498+09 14 304
320.0 1.01E»10 1.0 304
3404 147E410 1.0 304
3904 1.14E+U 14 304
390.0 UOE4-10 1.0 304
400.0 U9E+10 1.0 304
420.0 UffitlO 1.0 10.6
440.0 1J»E«10 14 30.9
490.0 149E«10 14 30.9
490.0 141E410 1.0 30.9
900.0 1.ME»10 14 10.)
9204 144E»10 14 104
(404 1.70EMO 14 »4
690.0 1.77EHO 14 304
990.0 1.93E+10 1.0 10J9
9004 1.9IE*10 14 104
910.0 149E410 14 10.9
9404 2,ME»10 14 10.9
990.0 2.09E»10 1.0 104
910.0 2.14E»10 1.0 10.6
700.0 2J1E«10 1.0 304
720.0 2J7E+10 1.0 30.9
7404 JJ3E»10 1.0 30.6
790.0 2AOE4-10 1.0 30.6
7904 249E4-10 1.0 30.6
900.0 2.92E«10 1.0 30.9
920.0 2.99E*10 1.0 30.9
940.0 2.I8E»10 1.0 30.9
990.0 2.71E»10 1.0 10.9
6904 2.79E4-10 1.0 304
9004 1.94E-HO 1.0 304
920.0 2JOE410 1.0 304
9404 2JIC+10 1.0 304
9904 3.0JE+10 14 304
MOD 3«!E*tt 1.0 »OJ

1000.0 1.10E+10 1.0 30.9

CALCULATIONS

W X 1<eRFOQ V 2 1'ERFCTI
0.000 lOfVAl ffDMQI 0410E-01 9OMOI 9DIV/OI
0400 149E401 0400 9.920E-01 14.941 0.000
0400 149*401 0.000 9420E-01 10471 0.000
0400 9.90E4M 0400 942CE-01 9.937 0.000
0400 749B400 0400 • 9410E-01 7494 0400
0400 9.99E400 0400 9420E-01 9.999 0.000
0.000 I47E400 0.000 9420E-01 9.119 0.000
0400 9.92E400 0400 9420E-01 9.999 0.000
0400 OJ9E400 0.000 ).)20E-01 U06 0.000
0.000 449E4M 0400 1.8206-01 9.00) 0.000
0.000 449E400 0.000 9429B-01 4.791 0400
0400 447E400 0.000 9410E-01 4433 0.000
0.000 4.29E400 0400 8.120IJJ1 4.342 0.000
0.000 4.11C400 0400 9.920B41 4.179 0.000
0.000 1.9H400 0400 1.S30E-01 4.026 0400
0400 1.92S400 0.000 0420E-01 3.991 0.000
0400 3.70E400 0.000 9420E41 3.770 0400
0400 349E400 0400 8JME-01 3.990 0.000
0400 3410*00 0400 9J20E41 1499 0.000
0400 349E400 0400 9.920E41 3419 0.000
0400 1400400 0400 9420E41 3J90 0.000
0400 3J2E400 0.000 1J20I-01 1J01 0400
0400 1.14E400 0400 M206-01 3.227 0400
0.000 147E400 0.000 9420E-01 3.199 0400
0400 340E400 0.000 9.920E-01 3.093 0400
0.000 3448400 0.000 9420B-01 3433 0400
0400 249E400 0400 (420E41 2479 0400
0.000 2.93E400 0400 0.910B-01 1422 0.000
0.000 2.7TE400 0400 6.920E41 2471 0.000
0400 2.T2E400 0400 t.tltt-OI 1.9U 0.000
0.000 2.99E400 0.000 9.920E-01 2.7H 0400
0400 1.93E400 0.000 9420C-01 2.733 0.000
0400 249E400 0.000 9420C-01 2.C12 0400
0.000 249E4CO 0.000 9.920E-01 2.992 0400
0400 241E400 0400 9420B-01 2.91) 0400
0.000 1478400 0.000 9420E-01 1.979 0.000
0400 143E400 0401 9.920E-01 2.944 0.000
0400 240E400 0.001 9.920C-01 2.911 0.000
0.000 2.17E400 0.001 9.920E-01 2.479 0.000
0.000 244E4M 0.001 9420E-01 2449 0401
0400 2JOE400 0.001 9420E-01 2419 0.001
0.000 2.27B400 0401 9420E-01 2.391 0.001
0400 2.24E400 0,002 1.820E-01 2.394 0.001
0400 2.22B400 0,002 6.920E-01 2.336 0401
0.000 1.19E400 0.001 9.920E-01 2.312 0.001
0.000 2.19E400 0402 8.120E-01 2.299 0.001
0400 2.14E400 0.001 9.920E-01 1494 0.001
0.000 2.11B400 0.003 9.920E-01 1441 0.002
0400 249B400 0.001 9420E-01 2419 0.002
O.OM 1J)TE4« 0.001 9420E-01 1.199 0.001
0.000 2.096400 0.004 9420E-01 1.177 0.002

OUTFVT
D|>,t| WOO 0|>,l) 909 Ci«|«.t|

luo/LI lunfLI Imantaocl llmeAdOC^
ffDrV/OI 2390.00 fOIV/OI 99.00 iOn/AI
0.0000 2390.00 0.00 99.00 0.00
0.0000 239040 0.00 99.00 0.00
0.0000 239040 0.00 99.00 0.00
04000 236040 0.00 9940 000
0.0000 2360.00 0.00 9940 0.00
04000 2360.00 0.00 99.00 0.00
0.0000 2360.00 0.00 99.00 0.00
0.0000 2390.00 040 99.00 0.00
0.0000 2190.00 0.00 9940 0.00
0.0000 1190.00 0.00 99.00 0.00
0.0000 2390.00 0.00 99.00 0.00
0.0000 2390.00 0.00 99.00 0.00
0.0000 2360.00 0.00 9940 040
0.0000 23)0.00 040 9940 040
04000 239040 040 99.00 0,00
0.0000 239040 040 9940 0.00
0.0000 239040 040 99.00 0.01
04000 2390.00 0.00 9940 0.02
0.0000 23M.OO 0.00 99.00 044
0.0000 2390.00 0.00 99,00 0.09
04000 239040 0.00 99.00 0.14
0.0000 2390.00 0.01 99.00 041
04000 2360.00 041 9940 047
04000 2100.00 0.02 9940 0.97
0.0000 2390.00 042 99.00 0.94
0.0000 23)040 0.03 99.00 140
0.0001 2390.00 0.09 9940 1.99
0.0001 2390.00 0.09 9940 249
0.0001 1390.00 049 9940 349
0.0002 2360.00 0.11 99.00 4.01
0.0002 2390.00 0.14 99.00 1.17
04002 2190.00 0.19 99.00 9.97
0.0003 239040 0.23 39.00 . 9.22
04004 2390.00 0.29 9940 10.19
04009 2390.00 044 99.00 1241
0.0009 1390.00 0.41 99.00 19.00
0.0007 2390.00 049 99.00 17.99
0.0009 2390.00 0.99 99,00 21.29
0.0009 2360.00 0.99 99.00 29.01
04011 1390,00 0.90 99.00 29.19
0.0013 2390.00 0.93 9940 33.79
04016 2330.00 1.07 99.00 39.99
0.0017 2390.00 1.22 9940 4441
0.0019 2190.00 1.39 9940 1049
0.0022 2390.00 1.97 99.00 97.01
0.0014 2390.00 1.79 9940 94.10
0.0027 2310.00 1.37 99.00 71.71
0.0030 2300.00 2.19 99.00 79,97
04034 1»0.00 243 99.00 00.19
0.0037 1390.00 2.C9 99.00 97.98

Noll 1 : Miptid Horn Equlton e-19, auMtnci tor suMquMut DiMgM MmiM Cipplnj. Equttun Arm by I ftdol of poreity duo u dominion of lonni
N«> 2: Cokulitid Ciod(xj) U ovutd By roc u otuln coiton-nomiiml cincMratloni

8on«My C." uodoui • Kd Uppor 0. «-»ucnirdl 9/4/2002
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Sentltlvlty Analytlt for Chtmleal Isolation Analysis . Varying Kd • Lower
PSR Superfund Site

turf ttttfl nffll •(«,»
iisoo J.u««t 0.00 0.0
»900 3.1BE-M9 0,01 14
JWM VWt«» O.U ».7
>noo |.16E«)| 0.11 it
iiaoo 1.18E409 O.M 74
IISOO 1.16EM9 O.M 1.1
»>00 1.1SE409 0.39 11.0
11100 1.18E409 0/4} 11.1
19900 1.16E409 049 14.<
WOO 1.19E409 044 164
»un I.15C40> o.io 11.3
I»H 1.1SE<0( O.«l M.I
16100 i.ieE«09 0.72 11.1
><MO 1.186409 0.71 214
31800 3.18E409 O.M ».<
31100 i.ue«i 0.90 374
»uo 1.1SEM9 O.M as
11500 3.1BE409 1.0] 91.1
36900 3.ISE409 1.01 12.9
16900 1.16E409 1.14 J4.7
33800 3.10E-M9 1.20 39.6
IISOO 3.16E409 HI u>
IUOO 1.1SE409 141 40.2
36600 3.16E409 148 4M
IISOO 1.18E409 1.44 43.1
3UOO 1.19E«9 140 45.7
31900 9.16E<09 141 474
38100 1.11E«09 1.» 494
moo i.i6E<oi i.<9 su
36800 1.11E«H VII U.O
11900 1.13E«0( 1.80 944
MMO i.iee-xn vu u.7
IUOO 3.16E409 1.92 M.9
3tMO 3.11E409 1.99 604
31900 3.I6E449 }M 63.2
11900 3.1«E«I 2.10 U.O
3(100 3.1BE409 2.19 684
39900 1.19E449 in rt.1
19800 3.19EW9 1M 694
3(900 1.1SE409 244 714
IISOO 3.19E409 240 T33
31900 J.KElOJ 2/41 7>JO
11300 1.19E409 Ul 79.1
31900 • 1.19E409 241 71.1
39900 1.19E409 2.94 CO.B
3UOO 1.18E409 1.70 nl
31300 1.1SE408 2.71 94.1
IISOO 1.1IE409 2.12 91.0
IISOO 1.19E409 2.98 97.8
31(00 1.16E.409 144 «.«
39900 1.1BE-409 1.00 814

Not« 1: AtUpUd mm Eaurfton 0-29. OuMH

CALCULATIONS

W X LEWnO Y 2 1«OT7>

0.000 -7.HE-05 1.091 3412E-0] 0.199 0.79}
mm -i46to2 von i.«»e-oi OJM o.m
O.MO 9.12042 0.142 941660] 0.119 0.18}
O.MO 1.11E41 em IJME-OI oj«i 0490
0400 1.7B&01 0.809 1J88E-01 0/441 0411
0400 247E-01 0.738 1497E-01 040S 0/478
0400 248E.01 0.171 2416B-01 04(8 0.413
0.000 3.IOE-01 0.911 J.44IB-01 0423 0474
0.000 4J5B-01 0461 ).«1E-01 0.990 0429
0.000 4.94E-01 0/4M 3412E-01 0.79] 0.288
0.000 848E41 0/441 3.843E-01 0.813 0.280
0.000 I.OTE-01 0.191 1474E41 0.878 0.211
0.000 I.IIE-01 0444 4406E-01 0.937 0.180
0.000 7.11E-01 0.301 4.niE-01 0.999 0.198
0.000 7.(ie-01 0.282 446(B-01 1411 0.114
0400 8.84E-01 OJ27 B.299E41 1.122 0.112
0.000 9.16E41 0.198 B.810E-01 1.1H 0.094
0400 I.TIE-01 0.197 6.991E41 1.249 0.070
0.000 1.04E400 0.142 6JME-01 U09 OM4
0.000 1.10E400 0.119 8.S24E41 UI9 0.083
0.000 1.1IE4CO 0.100 9J88E-01 1/431 OJMJ
0.000 112E400 0.0m 7J9IE41 1/t» 04)55
0.000 1.ME400 0.089 7.817E41 U99 0428
0.000 14!E«0 0.087 7.940E-01 1.919 0.0]}
0.000 141E400 0.048 8.279E-01 1.979 0.019
O.OM 1^7E«0 0.097 9.911E-01 1.740 0.014
OMO 143E44M 0.030 9J42E-01 1402 0.011
0.000 1.IOE400 0.024 9.273E-01 1.8(3 0.008
0.000 1.93E*00 0419 9.9ME41 1J29 0.009
0.000 1.72E400 0.011 I.13BE41 1JI7 0.009
0.000 viecwo 0.011 vonE«o 1449 0.004
O.MO 144E<00 0409 1.090E400 2.111 0403
C.OOO UOE400 0.007 1.093B4DO 2.172 0.002
0.000 1.97E400 0409 1.129E400 }.2M 0402
0400 2.03E«00 O.OM 1.199E400 IMt 0.001
0.000 249EMO 0.003 1.192E400 2J99 0.001
O.NO 2.1SE440 040] U2SE400 2.419 0401
0400 JJ1EWO 0.002 1.2S9E400 2/491 0400
0400 2.27E400 0401 U92E400 2.841 0400
0400 2.34EMO 0401 U]1E<00 2.80S 0.000
0400 7.40E400 0401 1.199E400 }.999 0.000
0400 1J1E400 0.001 1.191E440 1.729 0400
0400 1J2E440 0.000 1/4]4E4«0 2.790 0.000
0.000 2.B8E4W 0.000 M87E440 248] 0400
0.000 2.I8E400 0400 UlOCtOO 2J911 0.000
0400 2.71E«00 0.000 U29E400 }47B 0.000
0400 2.77E«» 0.000 1.157E400 1.017 0.000
0.000 }43E400 0.000 1490E400 3.099 0400
OflM 1J»£«0 O.OM 1,«11E«S 1.1(1 0400
0.000 2JHE100 0.000 1.4!tC«0 1311 0.000

OUTPUT
•|xfl ma C(>,q 8QI Ci.an ĵ

fuoA-l IUIUII ImoAoOCI llmoAdOCI
14000 2390.00 72S40 99.00 919.29
OJ449 2180.00 994.98 9(40 8IU3
0.89(3 »80.00 841.88 1940 M7JI
0.8109 239040 902.41 99.00 91}48
0.7T12 2130.00 8IO.U (9.00 479.91
0.7188 2380.00 818.13 99.00 441.09
0.9990 2190.00 477.79 99.00 409.09
0.1031 2190.00 41740 99.00 171.79
04493 239040 399.21 99.00 119,47
0/4972 2380.00 330.44 (9.00 10(47
04474 2380.00 124.19 99.00 278.19
0X002 1380.00 1(0.14 9(40 249.92
OJ988 2190.00 287.99 91.00 S1t.II
04148 U9040 227.98 99.00 193.79
0.2792 2390.00 200.2} 99.00 170.19
0.2410 2180.00 174.79 t(M 149.84
0.2091 2190.00 19148 99.00 128.93
0.1902 2380.00 110.81 ((.00 111.02
0.184} 2180.00 111.83 99.00 99.08
0.1313 239040 93.11 (9.00 80.81
0.1109 2390.00 80.31 (9.00 81.33
0.0931 2380.00 87/4( 99.00 6747
04778 2390.00 19.29 99.00 47.84
04M3 2190.00 49.92 99.00 19.11
04329 2190.00 194( 1(40 32.11
0.0412 2380.00 3U) 99.00 21.19
0.0191 2130.00 2S.49 (9.00 31.93
0.0393 2310.00 2041 99.00 17/44
0.0227 1390.00 19/4] 99.00 13.99
0.0180 »90.00 13.09 99.00 11.10
04142 2390.00 10.31 99.00 9.71
0:0111 1U040 1.08 11.00 til
04097 1380.00 U« 9940 949
04097 239040 447 99.00 4.14
04092 231040 3.74 99.00 3.18
0.0039 2180.00 2.3S 9940 2/42
0.0010 2310.00 2.18 (9.00 143
0.0022 2U040 142 (9.00 149
0.0017 231040 U1 99.00 1.03
04012 218040 0.90 99.00 0.7(
0.0009 2180.00 0.99 9940 0.88
04007 218040 048 99.00 0/41
04009 US040 041 1940 0.10
O.OM) 2410.00 0.29 19.00 0.21
0.0002 2100.00 O.K ((40 0.18
04002 238040 0.11 9940 0.11
0.0001 218040 0.09 99.00 0.09
04001 13S040 0.01 99.00 049
04001 113040 044 99.00 0.04
040W 2UO.OO 041 9940 0.01
0.0000 333040 0.03 99.00 0.0}

INPUT

0 O.OOE400 14 30.9
104 1.19E-H8 t.O 304
104 (41E«« 1.0 W4
304 9/49E408 1.0 30.8
40.0 1J8E40I 14 104
804 149B<09 14 104
104 149E<«9 14 104
704 3J1E109 1.0 104
904 142E409 14 »0.t
904 2.84E409 1.0 10.9

1004 1.19E<09 14 104
110.0 1/47EW9 1.0 104
120.0 1.79EM9 1.0 104
110.0 4.10E«09 14 30.8
1404 4/42E409 14 30.9
1804 4.71E40* 1.0 U4
tfO.O 84SE449 1.0 U4
170.0 141E«1 14 M4
190.0 8.89E409 1.0 304
1904 949E409 14 304
200.0 941E«9 14 104

.2104 942E409 1.0 104
2204 144EM9 14 104
2104 7JBE449 1.0 10.8
2404 747EM9 1.0 104
2904 743E409 14 30.8
210.0 8JOE«1 1.0 104
270.0 941E«09 1.0 104
2004 t.«JE«t 1.0 104
290.0 9.18EW9 14 304
100.0 9/49E409 1.0 104
JW.O 9.79E409 14 W4
3204 141E»10 1.0 304
3304 144E410 1.0 304
1404 147Et10 14 304
390.0 t,10E«10 14 304
380.0 1.14E«10 14 104
3704 1.17E»10 1.0 104
3804 1.HE+10 1.0 304
1904 U1E410 14 >04
4004 1JIE»10 14 104
410.0 UlEtlO 14 304
4104 1.32E410 14 W4
4304 14tE*10 14 104
4404 1,l(Et10 14 104
4804 UJt»10 14 104
410.0 1/48E*10 14 104
470.0 U«E*10 14 10.1
4804 141E410 14 U4
4904 14BE«10 1.0 104
900.0 140E410 14 104

wt for subiqutoui Ondgod MMIUI Ctpphg. Cquillcn dVTcn by • rtclar of pontty due to dinnlllon of twmt

CALCULATIONS

w x 1.ERPOO Y 1 i-eiwzi
0.000 BDTV/DI IDIVAI B420E-01 tONm KNXI
0400 V11E400 0.000 8420E41 1̂ 99 0.000
0400 U4E400 0.001 I420E41 1482 0.001
0400 1.81E400 0411 8420641 1JB1 0408
0400 144E400 0.029 B420E-01 1.712 0.018
0400 1JIE400 0484 B420E-01 1481 0421
0400 UlEtOO 0491 8420E-01 Mil 0441
0400 1.12E400 0.114 8420E-01 1443 0499
0.000 143E«» 0.14B B420E41 1371 0.072
0.000 948E-01 0.178 B420E-01 ^12 0.088
0.000 848B-01 OJOS B.B20E41 .183 0.100
0.000 941E41 0.214 B420EJ1 .122 0.113
0.000 743E-OI OJt! 8420E-01 .087 0.124
0.000 740E-01 OJ99 S420E-01 .069 0.138
0.000 7.11E-01 0.114 B420E-01 1.029 0.148
0400 9.7IS41 0419 8420&01 1408 0.1S6
0.000 I/44E-01 0.392 6420E-01 0.993 0.184
0.000 I.11E-01 OJ(S 1.1206-01 0.984 0.173
0.000 8.87E41 0406 8420E41 0.947 0.180
0.000 B41E-01 0427 8420E41 0.931 0.191
0.000 B.39E41 0449 1.920E-01 OJ17 0.194
0400 8.1IE-01 0418 8420E-01 0409 OJ01
0400 448E41 0494 8420E-01 0.693 0.207
0.000 4.76E-01 040t 8420E-01 0.192 OJ11
0400 447E-01 04t( 94]OE-01 0.972 OJI7
0400 449E-01 0436 9420E-01 0.663 HXtt
0400 4JIE-01 04U 8.S20E-01 0.899 OJ27
0.000 4.0(1-01 0461 8.620&D1 0.947 0.231
0.000 3.91E-01 0490 6420E-01 0440 Oil!
0400 3.73E-01 0498 3420E-01 0.811 OJ39
0400 3.92E41 0.609 I420E-01 0427 0^42
0400 J/HE-01 0421 9410E-01 0.121 0.141
0.000 14IE-01 0.819 9.620E-01 0.619 0.249
0.000 1.21E41 0.949 9420E-01 0410 0.291
0.000 1.11E-01 0.990 9420E-01 0.908 0.288
0.000 2.99E-01 0472 84206-61 0401 0.287
0.000 2.99E-01 0.694 8420E-01 0.797 OJ60
OjOOO 2.7TE-01 0491 6420E-01 0.793 0.262
0400 247E-01 0.706 6420E-01 0.799 0.214
0400 24TE41 0.717 9.920E-01 0.766 OJII
0400 247E41 0.727 9420C-01 0.781 OMt
0400 147E-01 0.716 6420E-01 0.780 OJ70
O.OM JJ9E-01 0.749 8420E-01 0.777 0.272
0.000 2.18E-01 0.797 9420E-01 0.774 0.271
0.000 2.10E-01 0.767 6420E-01 0.77} OJ71
0400 2.01E-01 0.776 8420E-61 0.770 OJ71
0.000 1.KE-01 0.788 94]OE-01 0.787 0.279
0400 1.I4E41 0.794 9420EJ1 0.769 OJ79
0400 1.7IE41 0401 6410E41 0.784 0.2(0
0400 1.6IE-01 0412 6.820E-01 0.762 0.211
0400 1.916-01 0.920 6420E-01 0.760 0.292

OUTT*UT
O|x,t| wao c|i,g (Qt oi««i«,q

tOIV/DI 2190.00 (OIVAII 99.DO iOIVAl
0.0000 3390.00 040 99.00 0.00
0.0019 2UO.OO V06 99.00 0.9]
0.0103 2360.00 748 99.00 l.ll
04290 3380.00 20.29 99.00 17.24
04617 1180.00 3749 99.00 31.67
0.0787 2300.00 67.01 (9.00 46.49
0.1069 339040 77.61 99.00 13.19
0.1393 2390.00 99.01 99.00 6141
0.1828 2380.00 119.09 99.00 100.14
0.1994 2390.00 13746 99.00 119.70
0.2149 1)80.00 166.79 99.00 11343
0.2191 2390.00 17)4) 19.00 1474)
0.2920 31(0.00 199.97 (9.00 16147
0.2937 2190.00 201.7] 99.00 174.98
0.3041 2390.00 220.91 99.00 197,83
04339 3390.00 214.78 99.00 19(43
0.54U 2390.00 249.1] (9.00 210.90
04997 2380.00 260.60 39,00 221.69
0.171) 2160.00 27241 99.00 231.90
04921 2380,00 284.36 99.00 241.62
04071 2390,00 298.13 9940 210.66
0.4313 2390.00 JOS.47 (9.00 389.19
04349 1)80.00 119.1) 39.00 2(9.03
04479 2390.00 324.74 99.00 278.03
04103 2390.00 333.73 99.00 293.97
04722 2380.00 342.32 99.00 290.97
04839 236040 )60.84 99.00 297.96
04944 2310.00 38842 99.00 304.86
04040 2380.00 319.98 ((.00 311.08
04149 2330.00 373.23 99.00 317.24
04144 2160.00 190.20 99.00 121.17
0.8337 2390.00 388.90 ((.00 329.96
0.8428 2360.00 393.36 99.00 33444
04811 2390.00 399.68 99.00 339.92
046*4 239040 409.84 «40 VW.11
04673 2380.00 4114} 99.00 349.62
0.8760 2310.00 41(49 (9.00 394.16
0.6129 2360.00 42].]0 (9.00 369.94
04999 2390.00 427.40 99.00 36346
04969 2380.00 43242 -99.00 397.14
0.9033 2390.00 4)7.39 99.00 371.76
0.80(8 1180.00 442.11 (940 17S.90
0.8111 1190.00 44649 (9.00 17948
0.62}} 2380.00 481.12 19.00 36146
0.629] 2390.00 48841 99.00 307.11
0.6339 2110.00 499.69 99.00 19049
0.9198 218040 403.68 9940 394.10
0.1449 2390.00 467.99 99,00 39749
0.1603 1380.00 471.41 99.00 400.70
0.8994 2360.00 479.13 99,00 403,61

Not* 2: Cilcuiltd CMdQU) It dMdod by foe lo obliln ctrbojHWTMtod conetrtrttlont

• •fio ...... StrallMy Ci» D *r"i(9lM IM/2M3
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Sensitivity Analysis for Chemical Isolation Analysis • Varying BlodegradattJ
PSR Supertund Site

|per Bound

INPUT

I fdivi I r»cl x ffl) x («m
UUO 1.10E*09 0.00 0.0
uuo v»E*oi o.ot i.g
11)00 3.156*01 0.12 1.7
UUO 1.19E*09 0.11 9.9
utoo i.i9E*09 o.i4 74
11(00 1.19E*09 040 1.1
9MOO 1.15E-W9 041 11.0
3(900 3.136*09 m i2.e
3(800 3.19E*09 049 14.1
1(500 1.13E«09 044 11.0
11100 1.19S*OI 0.10 11.1
UBOO 1.19E+09 0.11 20.t
HIM 9.19E409 0.71 21.1
31300 1.18E«09 0.7t U.I
18300 1.13E*09 O.M ».l
3C900 1.18B*09 O.tO 174
UUO 1.18E*OJ 148 294
UUO 1.18E«09 1.01 11.1
ItUO 1.19E*09 1.01 12.9
11500 l.iee«09 1,14 14.7
U900 9.196*09 1.20 111
U900 1.10E*09 149 ISA
U600 9.19E409 142 40.2
11000 1.19E*09 146 41.1
IfSOO 1.18E401 1*4 41 4
1(500 3.19E*09 140 41.7
UUO 1.166*09 148 474
UUO ).15E«« Ul 414
31000 1.18E+09 MO 81.1
1CMO 1.19E*09 1.74 81.0
leuo i.ise«9 1.10 M.I
UUO J. 166*01 1.11 88.7
UUO 3.18E*09 Ul 88.8
UUO 3.19E+09 Ul MA
UUO 1.156*39 144 82.2
11500 3.1(6*31 MO 14.0
11900 1.196*09 1.11 18.1
11600 ' 1.166*09 131 17.7
11900 1.19E«09 2.21 ttl
UUO 1.19E*OI 244 71.1
11900 1.19E«09 MO 71.1
11900 1.1(E*09 1X1 78.0
31300 3.18E+OI Ml 71.1
3IUO 1.156*09 241 78.8
3tUO 3.13B409 2.84 80.8
U900 1.1SE«09 2.70 82.3
31900 ».19E»09 1.71 H.1
31900 3.19E«09 1.81 11.0
11500 3.1BE«09 2.81 87.1
31900 1.15E«) 2.M 19.1
JMOO 1.18E+Q9 3.00 914

CALCULATIONS

V¥_ X 1-ERPGO Y Z 1-ePVGQ
0.000 -349B*00 2.000 0400S*00 1417 0.000
•0.121 -1.2IE*00 tmt 1.5(06-01 1411 0.000
•1444 -IJOe-WO 2.000 14IOE*00 1478 OJJOO
•1.111 .1.106*00 2.000 U39E400 1.870 0.000
•24H -1.01E-WO 1.000 2410E4OO 1.784 0400
•1.101 •242E400 2.000 1473E«0) 1498 0,000
•1.711 -J.ME-KM 1.000 1410E400 1482 0400
-1493 .2.73E*00 2.000 4488E*00 4447 0.000
•4.179 -MlEtOO 1.000 8440E+00 4.141 0.000
•9.917 -2.645*00 1.000 9.8HE400 4.138 0.000
•8J19 4446*00 1JH I480E«00 4429 0.000
•8.H1 -2.38E400 1.191 7JOJE*00 4/434 0.000
•7411 .2.286*00 1.IM 74IOB*00 4418 0.000
•84M -2.11X400 1JU 3J318E400 4.512 0.000
•1.707 -247E*00 UI7 1.1705*00 4.701 0.000
•9421 -U7E400 1.99* 9.I2BB+00 4.101 0.000
•1.190 -1.««e«0 1.IU 1441S*01 4416 0400

•10.872 -1.7IE+00 1.111 1.114E*01 4419 0.000
• 11.1*4 •I.MB+OO 1.181 1.1716*01 9411 0.000
•11.111 -UOE-tOO 1471 1449E401 9.178 0400
•11411 -140E+M i in i4ioe*oi 9.272 0.000
• 134(0 -1416*00 1J93 1479E*01 9.311 0.000
•11.112 -1.316*00 U37 14415*01 8410 0.000
•1OM .1^36*00 1411 UOTE401 8MO 0.000
•14J28 -1.12EMO UN U71E*01 9.UI 0.000
•1944T '1JJ!e«0 U99 1MIC+01 9.741 0.000
•11.111 -UCE-01 1.914 1.70ie«01 8.817 0400
•11.711 -IX2E-01 1.711 1.711E-W1 8J11 0.000
•17411 •74BE-01 1.710 U34E401 IjOll 0.000
•11J1H -U3E-01 1J44 1*)OS*01 8.110 0.000
•11.187 -U9E-01 U71 UI8E401 1J14 0400
•11.271 -4.IIE-01 1481 2431E401 1301 0.000
•11.101 -1.71E41 1400 24IIE401 1401 0400
•20.822 -2.7CE-01 U04 2.1I2E4C1 1417 0.000
•21,144 -U2E-01 U01 2J3TE*01 149] 0X100
•21.711 4.7IE42 1499 2JIJE*01 MI8 0400
•22JII 84CE-01 0413 1J5«S*01 1.710 0400
•21410 141E-01 0.187 24241*01 IJ74 0400
•33.132 U8E-01 0.781 24I9EM1 IJI< 0.000
•HMi Mie-01 0.181 2.951EW1 T4I1 0.000
•24471 141E-01 0481 2.I20EW1 7.197 0.000
•28498 4.78C-01 0411 J.11U!«1 7.291 0.000
•28.120 9.72E41 0411 1.781E401 7X1 0.000

'•28.741 I.I8E41 0.341 >417E«01 7440 0.000
•27.111 7.I1E-01 OJ82 24I2E401 7434 0.000
•17,1(5 I.99E-01 OJ27 244IS441 7.121 0.000
•21407 I.4IE-01 0.110 3411E401 7.723 0.000
•21211 144E<00 0.140 1.0718*01 741T 0.000
•21491 1.14E«00 0.101 1.144E«01 7411 0.000
•30473 I.2JE*00 0.012 1J10C*01 1409 0400
•11.099 1.33E+00 0.011 1J279B401 8.100 O.ODO

OUTPUT
l(i,tl woo C{»,g iai cuam.tj

fattM fuo/Lt fmfl/kaOCI (tma/koOCt
1.0000 2190.00 72540 99.00 14U.OO
04111 1180.00 319.17 11.00 771.84
0.2111 2190.00 209.01 91.00 410.02
0.1941 2390.00 112.22 99.00 22449
04111 2380.00 C0.ll 19.00 120.91
0.0*41 2390.00 32.39 99.00 84.71
04240 239040 17J7 91.00 34.74
0.0131 2380.00 1.11 91.00 18.19
04011 21U.OO 8.01 n.OO 10.02
0.0017 2130.00 2.11 11.00 8.11
0.0020 233040 144 11.00 2.11
0.0011 2390.00 0.71 11.00 1.98
0.0001 1180.00 042 91.00 0.11
O.MOS 1150.00 OJI 19.00 049
04002 219040 0.12 9t40 0.24
0.0001 23B040 0.01 If.OO 0.13
O.NOO 2390.00 0.03 99.00 0.07
0.0000 2130.00 0.02 1940 0,04
04000 233040 0.01 99,00 0.02
04000 2330.00 0.01 19.00 0.01
04000 233040 0.00 99.00 0.01
0.0000 2390.00 0.00 99.00 0.00
0.0000 238040 0.00 19.00 0.00
0.0000 138040 0.00 19.00 0.00
04000 21U40 0.00 19.00 0.00
0.4000 1380.00 0.00 1940 0.00
04000 21U.OO 0.00 99.00 0.00
0.0000 21U.OO 0.00 91.00 0.00
04000 23U.OO 0.00 9940 0.00
04000 2380.00 0.00 99.00 0.00
0.0000 2150.00 0.00 99.00 0.00
0.0000 238040 0.00 1940 0.00
04000 2380.00 0.00 9940 0.00
0.0000 23S040 0.00 9140 0.00
0.0000 2380.00 0.00 9340 0.00
04000 2330.00 040 99.00 0,00
04000 239040 0.00 9940 0.00
04000 2330.00 0.00 91.00 0.00
0.0000 1380.00 0.00 91.00 0.00
04000 2380.00 0.00 99.00 0.00
0.0000 2190.00 0.00 99.00 040
04000 23U.OO 0.00 19.00 0.00
04000 2390.00 0.00 9940 0.00
04000 2390.00 0.00 l>40 0.00
0.0000 23U.OO 0.00 1940 0.00
0.0000 23U.OO 0.00 11,00 040
04000 21U40 0.00 91.00 0.00
04000 21U40 0.00 99.00 0.00
04000 21U40 0.00 91.00 0.00
04000 21U40 0.00 11.00 040
0.0000 2190.00 0.00 19.00 0.00

INPUT

1 Ml 1 /MCI x ffll i reno
0 040S+00 14 104

2004 1.118*01 14 U4
4004 1 .210*10 1.0 104
8004 149E-HO 1.0 104
8004 2421*10 1.0 104

1000.0 1.19E*10 1.0 104
12004 1.78E410 1.0 104
1400.0 442E*10 1.0 104
18004 94!E*10 1.0 104
11004 84IE*10 U 304
20004 8Jie«10 1.0 104
22000 l.94e«10 1.0 104
24004 747E*10 1.0 104
M004 t:20E*10 1.0 W.t
28004 8.83E«10 1.0 304
30004 t4IC*10 14 10.8
3200.0 1.01E*11 1.0 10,8
1400.0 1.07E»1t 1.0 10,8
UOO.O 1.14E.11 1.0 10.8
1100.0 UOE*11 1.0 30.8
4000.0 UIE*11 1.0 30.8
4100.0 1.12E*11 1.0 104
4400.0 U!E»11 1.0 10.8
4100.0 149E*11 1.0 10.3
48004 141E*11 1.0 104
1000:0 UtE*11 1.0 304
82004 144E*11 14 10.9
(400.0 1.70E*11 14 304
9800.0 1.773*11 1.0 304
98004 143E«11 14 30.8
1000.0 141E*11 1.0 30.8
1200.0 UIE*11 14 30.8
8400.0 242E*11 14 104
8U04 24IE»11 14 10.8
««00.0 2.14E*11 14 304
70004 U1E*11 14 104
7300.0 1.27E411 14 304
74004 2.110*11 1.0 104
7800.0 240E*11 14 104
78004 24tB*11 14 104
80004 242E+11 14 30.8
•2004 24IE*11 14 104
MOO.O 2.I5E*11 14 104
nOO.O 1.71E*tt 1.0 104
1100.0 2.78E*11 1.0 104
10004 1.84E*11 14 104
12004 240E*11 1.0 104
14004 1.98C*11 1.0 10.8
9800.0 1.03E*11 1.0 304
1800.0 1.09E*11 14 104

100004 1.19E*11 1.0 10.8

CALCULATIONS

W X 1-ERFfX) Y Z 1'ERPIZ)
• 10JIB fOtVAl IDIVffl 1.092E*01 IQEUfll IQIVAt
•10489 -14tE*00 2400 1 .0126*01 8.100 0400
•10489 -«4M*00 2400 1.092E401 7.991 0.000
•10419 -749E400 1400 1.092E401 8.917 0.000
•10J89 -942E400 2400 1,Mffi*01 10.139 0400
•10419 -142E*01 2400 1492E401 11.207 0400
•10418 -1.115*31 2.000 1492E*01 12.191 0400
•10418 -1J1E401 1400 1491E*01 11492 0.000
•10.188 '1.1JE401 2400 14I2E*01 11440 0.000
•104(9 -1/405*01 1400 1.092E*01 14.719 0.000
•10418 -M1E401 2400 1.0I1E+01 13497 0.000
•104U -1.83E401 2.000 1.092E*01 1U20 0400
•10419 -1.11E*01 2.000 UI2B+01 11.112 0.000
•10419 '1.70E*01 2.000 1.091S*01 17.977 0.000
•10.119 -UIE*01 2.000 1492E101 11.211 0.000
-10JH -1.I3E401 2.000 14tlE*01 11.037 0.000
•10418 -149EW1 2.000 1492E*01 18.416 0.000
• 10419 •143E*01 2.000 1492E101 20.011 0.000
•10419 -2.01E*01 2400 1492E101 20.312 0.000
•10419 -2.0IE401 3.000 1.092E*01 21.132 0.000
•10.118 -2.12E*01 1.000 1.0)2E*01 21.119 0.000
•10489 -2.17E«01 2.000 1.0I2E*01 22.191 0.000
•10419 -3J5E*01 2.000 1491E*01 22.702 0.000
•10419 -3J7E401 2.000 14I2E*01 31402 0.000
•10,119 -2.12E101 2.000 U91E*01 23.C91 0.000
•10419 -24TE401 1.000 1492B401 24.170 0.000
•10418 -242E401 2.000 14I2E101 24,840 0,000
•10419 •147E*01 1400 1492E*01 29.101 0.000
• 10488 -2416*01 2400 1492B*01 29494 0.000
• 10419 -2416*01 2400 1491E401 29.191 0.000
• 10410 -2.80E«01 1.000 1.0125*01 29437 0.000
•10488 -2,(«5*01 2400 1492E*01 28487 0.000
•10489 -1.IIE401 2.000 1492E+01 17491 0400
•10488 -2.73E*01 2.000 14120*01 27.703 INUMI
•10488 -2.77E401 INUMI lj082E*01 29.119 INUMI
•10489 -141E*01 INUMI 14125*01 21424 INUMI
•10419 -24IE401 'INUMI UI2S+01 21423 INUMI
•10449 -1401401 INUUI 14I2B*01 21417 WUMI
•10489 -2.930*01 INUMI 14I2E401 29.709 INUMI
•10488 -247E*01 «UMI I.092E*01 10.011 MM
•10489 -141E*01 INUMI 1.012E*01 30419 INUMI
•10489 -3456*01 INUMI 1.0I1E*01 30.142 INUMI
•104(9 •14IE401 WUMI 1.0115*01 11.212 INUMI
•10.118 -1.12I401 MM) 14I2EM1 11.977 INUUI
•10.189 -1.115*01 INUMI 14I2E401 11.911 WUMI
•10.1(1 -1.20E*01 INUMI 1492G101 12499 INUMI
•10.118 -141E*01 INUMI 1 .0126*01 32.149 MUMI
•104(9 -147E*Ot INUMI 1492E401 12.990 WUMI
•104(9 -IJOEtOI INUMI 14925*01 13.544 INUMI
• 10419 -144E*01 INUMI 1.0122*01 33.188 INUMI
•10419 -3476*01 INUMI 1.092E*01 34.029 MUMI

OlTTPl/T
B(x,i| wao CIMI IQI ci.a|<,t)

luoA.) fuo/LI imo/KaOCI llmafltaDCI
•DIVfOI 219040 lOtVAl 99.00 ttlVni
0.0000 2160.00 042 19.00 0.09
04000 2110.00 0.01 91.00 0,0)
04000 23U.OO 042 99.00 0.03
0.0000 13U.OO 0.01 91.00 O.OJ
0.0000 23U40 0.02 99.00 0.03
04000 2390.00 • 0.0! 99.00 0.09
0.0000 230040 0.02 11.00 0.09
0.0000 2330.00 0.02 99.00 0.03
04000 2330.00 0,02 99.00 0.03
0.0000 2330.00 0.02 99.00 0.09
0.0000 2330.00 0.02 01.00 0.09
0.0000 1390.00 0.01 19.00 O.OJ
0.0000 2380.00 0.02 11.00 0.01
0.0000 2180.00 0.02 99.00 0.01
0.0000 2310.00 0.02 91.00 0.01
0.0000 2390.00 0.02 99,00 0.09
0.0000 23BO.DO 0.02 99.00 0.09
0.0000 23SO.OO 0.02 99.00 0.03
0.0000 2390.00 0.02 11.00 0.09
0.0000 239040 0.02 19.00 0.09
0.0000 2990.00 0.02 99.00 0.09
0.0000 2390.00 0.02 99.00 0.09
0.0000 2390.00 0.02 99.00 0.09
0.0000 2390.00 0.02 99.00 0.09
0.0000 2390.00 0.02 99.00 0.08
0.0000 2390.00 0.02 99.00 0.09
0.0000 2330.00 0.02 99.00 0.08
04000 2390.00 0.02 99.00 0.08
0.0000 2390.00 0.02 99.00 0.03
0.0000 23U.OO 0.02 99.00 0.09
0.0000 23U.OO 0.02 99.00 049
0.0000 23U.OO 0.02 19.00 0.09
INUMI 2150.00 INUMI 19.00 INUMI
INUMI 2330.00 INUMI 99.00 INUMI
WUMI 2330.00 WUMI 19.00 WUMI
WUMI 2390.00 WUMI 99.00 WUMI
WUMI 238040 WUMI 99.00 WUMI
WUMI 2380.00 WUMI 99.00 WUMI
WUMI 2180.00 WUMI 99.00 WUMI
WUMI 2330.00 WUMI 11.00 WUMI
WUMI 2330.00 WUMI 99.00 WUMI
WUMI 2380.00 WUMI 19.00 WUMI
WUMI 2390.00 WUMI 19.00 WUMI
WUMI 2380.00 WUMI 99.00 WUMI
WUMI 2130.00 WUMI 99.00 WUMI
WUMI 2380.00 WUMI 99.00 WUMI
WUMI 2190.00 WUMI 99.00 WUMI
WUMI 2300.00 WUMI 99.00 WUMI
WUMI 2390.00 WUMI 99.00 WUMI
WUMI 2390.00 WUMI 9900 WUMI

Adiplio (Mm !qu*m B-29. Outanu for Sub«|Moui DnOgtd Mdutil Coffin}, EVIIHMI Mm b» i (i«lo> Xuroily elui to cuflnllon al«mi
CaleuMtd CMOfct) n dMtftd by fx le eMiln ewton-nomiiiafd c
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Sensitivity Analysis for Chemical Isolation Analysis - Varying v - Low

PSR Superfund Site

Wil on 1111. p.Hi
WiHgn1Ml,p.1M
Krynliu ind Judd,1lt7. p.lll
nuitvUoclycwuMlon

Piniuonlng diMton (I.. M> J|
(»• Mi t]
T.Mty>nntt(USACQ

C/Cl'BQO)' (O.A'EXPWERPI
W«
«•

vin o«nucMin infl

ERfCfK LERPQ

10 TRANSPORT SOLUTION
Miplid f»m spnMtfwri provided by

(LOB.)

coNcnnwnoN PKOFILBI TMROUOH c*p <w <unn TIHI
> eutpm ti

1.0000

O.tOOO

0.8000

0.7000

O.tOOO

04000

04000

0.3000

0.2000

0.0000

Portwster C vs. it at Olvin Tlmt

. Cip ••dlmint CdtMamndon Proflli it Ohr*n Tim*

v—I

D
Cm

COM
foe
g
ML
I
Kd
Kfl.clp
KM
L
n
n*

IrAHrt poflwitor concMttrrilon (ugL) 1 % wl •
cip udhunl cencirtraUm OngAgOC) 1 % wl •
dhp«My(c™) imjl-
dlipirtton coiffld«4 (cm2/i) 1 diy •
bnuy dnuHMy if cluMcd h «HH (cn2/»

cinmuMon d.ptn ortiomnl ot)
cipmilit1ilerginlcir*onfticllono 1KM-
mmpuUtktonttPttpnAira} llt/diy*

1J»OE<« jm
1A Ig/IOCM

1 me<04 m»L
1000 ugH

(MOO IK

1041 en
0^0038271 cmftie

( intd)
Ih.o<.ll£«lffli1JlbUl«n cwffld.nl (L«B

IOIHTUB pirtun co f̂KIM (g«
UUctoi*st«f c«p(fl)

(fTteUv* p«mfy V)

ratirtrtlan fKt«r o
Stil>S>dmintauiIlySUlM«dtng*g ormgftgOC)
Urn. (i)
CipllilctiMiiimdu.le«>pn»unc(p<ninl<rttA)gcmoBd*llifi(ID

dlftiix* from cip b«flon (on)

coNonmtATtoN Fftora.it AT TOP or OHIUC/U. ISOLATION LAYIK

Cofieantrnlanvi.
Plnlin

HfroDof.n.mle.Miil««onl».n
JU2J

Portwattr C v». Tlmt •( Qtvtn Location

AHALVSK OF CAP LOSIBt DURIH3 CONIOUDATIOrt

Pomuli M «nort.T.rm CeMmhaM Migration
Dm lo canulldMen

Cap thtehntii l«tt dua ta axpf«til«n «f porcwattr
nB caniQlldaqqn tfH

• tJiU nx Jyplc«»yn«*UlDU)

100 200 100 400 MO -100

Cip t.dlm.M CentMnlleli Pnffii« Olv.n Loe««n

I---sos I
I——ci.ad.nl

SinilMy Cip Modil.Hi - VDdCly Lowil D. Schuchird (M/2002



Sensitivity Analysis for Chemical Isolation Analysis • Varying v •
PSR Superfund Site

Lower Bo J

INPUT

1 Wfrt 1 r»e) X rm X im\
11600 1.1(E*09 0.00 0.0
31500 ). 166*01 049 t.e
3UOO 1.16E409 0.12 l.T
11100 1.16E409 0.19 0.1
MUO 3.16E*«9 044 74
36600 }.1»6«09 040 «.1
3(600 3.19E409 0.31 11.0
3(500 1.186*09 041 12.9
31500 3.1(e<09 049 14.1
3UOO 3.16E109 O.M 194
31500 9.1SE+09 O.CO 104
31500 9.16E+09 0.11 20.1
31500 3.16B«09 0.73 21. •
31500 3.16E*09 0.71 23.1
3(500 9.16B«09 O.M u,t
3f500 1.16E*09 OJO 274
31500 1.186*09 0.11 21.3
31500 1.180*01 1.02 31.1
31500 1.19E+09 1X11 32.1
3CS09 1.186*01 1.14 34.7
31500 3.15E«09 UO 31.1
3(500 3.1SE*09 141 3M
3(500 3.16E*0( 1.32 404
3(500 3.19E+09 1.3( 42.1
3(500 1.186*01 144 43.1
3(000 3.16E+09 1.50 45.7
19500 ).1»S«> Ul fit
31500 3.16EM9 1J2 414
3(500 1.186*01 1.(( 914
3(500 1.16E*09 1.74 «lfl
3(500 1.1SE*09 140 M.I
3(500 1.16E+09 1.81 5(.7
3(500 1.1SE+09 1J2 5>.(
1(500 3.16E+09 1J( (04
3(900 1.186*01 1.04 (2.2
3(900 1.186*09 2.10 (4.0
3(500 1.186*01 2.K 19.9
3(500 1.11E449 2.22 (7.7
3(500 1.1*6*01 240 (9.6
3(500 I.15E+09 244 714
3(500 1.186*09 240 73.2
31500 1.186*05 24( 79.0
31500 1.186*09 242 718
3(900 3.16B+OI lit 7!.(
31500 1.1SS*09 3.(4 M.5
3(500 1.11E+OI 2.70 (2.3
3(500 S. 186*09 2.7( (4.1
3(900 3.196401 2.02 ((.0
3(500 1.11E+01 241 (7.1
3(500 1.16E*09 2.M ».(
3(500 J.15EW1 3.00 114

CALCULATIONS

W X 1.EBMO Y Z 1-eRPm
0400 -441E-02 1.090 0400e»00 0.044 0.190
0.000 645E-02 O.M] 1. 4706-01 0.131 O.M4
0400 146E-01 0.137 14116-03 0.213 0.741
0400 240E-01 0.7M 6.0091-02 0420 O.M3
0400 1446-01 0.(3( MTfE-02 0423 0450
0.000 449B-01 0.544 6449E.02 0.917 04M
0.000 I44E-C1 045> 1403B-01 O.dl 0.3(7
o.ooo (.HE-01 0482 i.iitE-01 0.707 o.Jii
0400 7.11E-01 0413 143CE-01 0.10 1 0467
0.000 (.OtE-01 0.293 1403E-01 O.UI 0.209
0400 I42E-01 0402 1.970E-01 O.tll 0.1(1
0400 1.976-01 0.159 1.037E-01 1.0«9 0.125
0400 1416400 0.123 2404E-01 1.110 0.0(5
0400 1.1(6*00 0493 2.171E-01 U76 0.071
0400 149E*00 0.070 2.199B-01 14(9 0.053
0400 149E*00 0.002 2406MI 14M 0.011
0400 1.476*00 0.039 2.1726-01 1.559 O.OJ1
0.000 149B+00 0.027 2.919E-01 1.(63 0419
0.000 1.1(E*00 0.019 3.006E-01 1.749 0413
0400 1.786*00 0.011 3.172&01 1.M1 0.001
0.000 1.1SE*00 0.009 3439E-01 1437 0.001
0.000 144E*00 0.00( 3.50IE-01 2.032 0.004
0400 2.04E*00 0.004 1.671E-01 2.12( 0.003
0.000 2.11E440 0.003 1440E-01 2.221 0.002
0400 241E*M 0.002 4407E-01 J.IK 0.001
0400 2J2E«0 0.001 4.174E-01 2410 0.001
0400 242ttOO 0.001 4441E-01 IMt 0.000
0400 2.61G400 0.000 4A09C-01 2.(00 0.000
0.000 l.(1E«ffl 0.000 4.(7»E-01 MM 0.000
O.OM 2.TOC440 0.000 4.M1C41 2.TW O.OW
0400 240E«M 0.000 (409C41 !.<M 0.000
0400 2.99E400 0.000 5.17(E4t 2.976 0.000
0.000 2J(E«00 0.000 OJ43C-01 3.073 0.000
0.000 IJJtEWO 0.000 9410E41 3.1(9 0.000
0.000 3.17EMO 0.000 5J77E-41 3.2(2 0400
0.000 1J7EWO 0400 8.M4EJJI 3.397 0.000
0.000 3.3(E««0 0.000 (411E-01 3461 0.000
0400 34(E<«0 0.000 (.176E41 3,M( 0.000
0400 345E*00 0.000 (.249C-01 3.W1 0.000
0400 3.I5E400 0.000 (J1SE-01 3.739 0.000
0.000 3.74E440 0.000 (.(T9E-01 1.130 0.000
0.000 3.64E«00 0400 (.MtS-01 3J29 0.000
0.000 1J)E«0 0.000 7413E-01 4419 0.000
0400 4.03E<«0 0.000 7.190E-01 4.114 0.000
0400 4.12E440 0400 7.347E41 4 JO) 0.000
0.000 4.22E«00 0.000 7.614E-01 4J03 0.000
0.000 4.31E400 0.000 7.II1E-01 4J9( 0.000
O.OM 440EKO O.OOO 7.HOE41 4493 0.000
0.000 4.60E400 0400 I.019E41 4M1 0.000
0.000 4 ÎE«0 0.000 9.192E-41 4.192 0.000
0.000 4,(IE«0 0.000 9.M1E41 4.777 0.000

OUTFUT
«(«.H HOC CH»| S9S ClM|»,t)

juarut lug0.i Jma/kaost JlraaftaOCI
1.0000 2350.00 725.00 99.00 1450.00
0.9009 2350.00 (53.10 11.00 1309.21
0.1011 2350.00 S01.ll 99.00 11(2.77
0.7091 2350.00 (11.19 99.00 10224(
04121 2350.00 443.75 99.00 997.51
OJ244 2360.00 390.17 99.00 7(0.33
04432 2360.00 321.31 (9.00 MM1
O.HM 2150.00 2(7.(l (9.00 91i.(2
04031 2350.00 220.0( 9(40 440.15
0.2499 2390.00 17(.25 99.00 359.60
0.19(2 2390.00 HJJl (9.00 26442
0.1643 2350.00 111.96 99.00 !».«»
0.1196 2350.00 99.91 (9.00 171.22
04911 2350.00 ((.OS (9.00 132.09
04(94 2350.00 4(.(9 (940 99.17
04506 2350.00 >(.(( 99.00 7JJI
0.03C9 2360.00 ll.it 99.00 93.32
0.02C3 2350.00 11.09 99.00 19.17
0.01(5 2360.00 1144 99.00 2(.(9
041» U60.00 9.32 99.00 19.91
04069 2350.00 (.16 (9.00 12.71
0.0009 2160.00 4.21 19.00 9.52
0.0019 2160.00 2.11 (9.00 9.(2
04029 2350.00 1J2 9940 11!
0.0011 2350.00 1.11 99.00 !41
0.0010 2350.00 0.73 99.00 1,41
040H 2360.00 041 9940 OJO
0.0004 2360.00 0.27 99.00 0.05
0.0002 2360.00 0.11 (9.00 041
04001 2150.00 0.10 99.00 0.19
0.0001 2360.00 0.0( (9.00 0.11
0.0000 2360.00 0.01 ((.00 0.01
0.0000 2190.00 0.02 9940 043
0.0000 2190.00 0.01 99.00 0.02
04000 2150.00 0.01 99.00 0.01
0.0000 2190.00 0.00 99.00 0.01
04000 2150.00 0.00 99.00 0.00
04000 2150.00 0.00 99.00 0.00
04000 2150.00 0.00 19.00 0.00
04000 2360.00 0.09 99.00 0.00
0.0000 2350.00 0.00 99.00 040
04000 2150.00 0.00 99.00 0.00
04000 2150.00 0.00 9940 0.00
04000 2160.00 0.00 99.00 0.00
0.0000 2150.00 0.00 99.00 0.00
0.0000 2360.00 0.00 99.00 0.00
0.0000 2390.00 0.00 99.00 0.00
0.0000 2150.00 0.00 99.00 0.00
0.0000 2190.00 0.00 99.00 0.00
0.0000 2190.00 0.00 99.00 0.00
0.0000 2390.00 0.00 99.00 0.00

INPUT

ifrn 1 (uc) x fffi xftno
0 040E*09 14 30 A

10.0 1.16E40* 1.0 V»
20.0 (J1E+09 1.0 30.9
304 94(E«C( 1.0 304
40.0 1.2(E«0( 1.0 304
(0.0 1.66E409 1.0 104
(0.0 149E<09 1.0 304
70.0 IJIEtOI 14 103
90.0 242E409 14 304
90.0 244E409 14 304

100.0 3.16E409 14 10.6
110.0 347E409 14 304
1204 3.79EK9 1.0 304
130.0 4.10IM9 1.0 304
140.0 442EM9 1.0 304
150.0 4.73G4O9 1.0 30.0
1(04 (.06E409 14 30.6
170.0 14IE-W1 1.0 30.6
1(0.0 5.UE409 14 30.6
190.0 6.99E409 1.0 30.6
200.0 I41EWJ) 1.0 30.9
210.0 (.(2E*09 1.0 30.6
220.0 9.94EM9 1.0 10.6
210.0 7.25E449 14 10.6
240.0 7.67E449 14 30.6
2604 7.6tE<09 1.0 304
2(1)4 620tW» 14 304
270.0 (.91E449 1.0 104
2(0.0 (.93B409 14 304
2104 9.15E<09 1.0 30.5
3004 94(EM9 1.0 30.6
110.0 9.79EM9 1.0 30.6
320.0 141E+10 1.0 10.6
330.0 144E-MO 14 104
M04 147E*10 1.0 304
310.0 1.10E+10 1.0 304
310.0 1.14E410 1.0 10.1
1704 1.176*10 1.0 30.5
3(0.0 UOE+10 1.0 304
390.0 UM+10 14 30.6
4004 1J1E»10 1.0 304
4104 U9C410 1.0 104
420.0 1J2E»10 1.0 10.5
430.0 14tE»10 1.0 10.6
440.0 1496*10 14 104
450.0 1426*10 14 10.6
410.0 14S6*10 1.0 10.6
470.0 M!E*10 1.0 30.6
410.0 1.61E*10 1.0 104
410.0 145E«10 14 104
(oo.o i.6(E*io 1.0 sat

CALCULATIONS

W X 1.BVfln V Z 1*SimZI
0400 9DWQI SOfVAl 2.711E<01 (DIV/DI tDIV/OI
0400 4J7E-KM 0400 2.793E41 9402 0400
0400 !41S<«0 0400 2.791E41 1.647 0.000
0.000 1.9(E<00 0400 2.7HE-01 2.104 0400
0400 247E400 0400 2.71JE-01 2422 0400
0.000 2JOE+00 0402 2.793E-01 2J92 0401
0.000 240E400 0409 2.713E41 2.071 0403
0400 U«E«0 0401 2.793E-01 1422 0407
0400 1.72E400 0.011 2.793E-01 1401 0411
0400 1.126*00 0422 2.791E-01 1.709 0419
OjOOO 1.61E100 0410 2.791E-01 1.122 0.022
0.000 14IE400 0411 2.711E-01 1.560 0421
0.000 1.31E+00 OM9 2.713E-01 1.411 0439
0400 1.33E400 0.091 2.7116-01 1434 0.043
0.000 1.116*00 0470 1.7(16-01 1.310 0.060
0.000 1.23C400 0.0(1 2.793E-01 1.341 0.059
0.000 1.19B400 0.092 2.711E-01 1.101 0.099
0400 1.16EMO 0.101 2.7M6-01 1.2(7 0.073
0400 1.12E4CO 0.114 2.713E-01 U39 0.0(1
0400 149E400 0.129 2.791E-01 1.209 0411
0.000 146E+00 0.119 2.713E-01 1.171 0.011
0400 .1.02BMO 0.147 2.7116-01 1.192 0.103
0400 I.11E<1 0.169 2.711E-01 1.129 0.110
0.000 I.71E-01 0.1(1 1.76JE-01 1.107 0.117
0.000 I.60E-01 0.179 8.7816-01 1.097 0.124
0400 UtE-01 0.199 1.7836-01 1.0(7 0.131
0.000 9.07E-01 0,1>9 J.7HE-01 1.049 0.131
0.000 949E-01 OJ09 2.713E41 1.032 0.144
0400 1.I9E-01 0.119 2.713E-01 1.017 0.111
04W 1.61EJM OJ29 2.7I3E-01 1.001 0.197
0400 144E-01 0431 2.7I3E-01 0.117 0.193
0400 1.116-01 0447 2.711E-01 0.174 0.111
0400 I43E-01 046( 2.711E-01 OJ91 0.174
0.000 741E-01 04(1 1.7116-01 0.946 0.110
0.000 7.74E-01 0474 J.7I1E-01 0.137 0.116
0400 7416-01 0462 1.7116-01 0.926 0.190
0.000 749E-01 0490 2.711E-01 0.916 0.199
0.000 7486-01 0499 2.7I3E-01 0.109 0401
0400 743E41 0401 2.713E-OI 0499 040(
0.000 7.12E-01 0411 2.7UE-01 0.9H 0.110
0.000 741E-01 0422 2.703E-01 0.177 0419
0400 I.90E-01 0421 2.713E-01 0.1(1 0411
0400 (.7)6-01 0437 2.761E-01 0.1(0 0424
0.000 U1E-01 0444 I.793E-01 0.952 0429
0400 (.(OE-01 0451 2.793E-01 0.946 0432
0400 I40E-01 0499 2.713E-01 0.917 041(
0.000 (416-01 04(5 2.7116-01 0430 0440
0.000 (416-01 0471 2.7(3E-01 0.123 0444
0.000 (416-01 0.179 2.791E-01 0.917 0441
0400 I.16C41 0.1M J71JE-01 0.910 04(1
0.000 107E.01 0.991 2.791E-01 0.904 0.299

OUTPUT
B|I,I) WOO C|x,l) >99 ClM|I,l)

(utfl.1 _(iu1.L (ma/KaOCI llma'hBOCl
9OIV/OI 2350.00 1DNAI 09.00 9DIV/OI
0.0000 2360.00 0.00 99.00 0.00
0.0000 2350.00 0.00 99.00 0.00
04001 2990.00 0.04 99.00 041
04005 2350.00 0.16 90.00 0.70
04019 2150.00 1.34 99.00 1.17
0,0041 215040 1.11 (9.00 111
0.0018 2190.00 1.11 19.00 12.71
0.0149 2150.00 10.90 99.00 11.01
0.0216 2360.00 10.66 11,00 11.11
0.0299 2360.00 21.17 99.00 42.74
0.0193 2350.00 27.90 91.00 6549
0.0479 2390.00 14.99 91.00 (9.17
0.0(71 2360.00 41.11 11.00 0342
0.0(91 216040 49.37 99.00 99.74
0.0708 2350.00 66.99 19.00 113.91
0.0091 215040 M.97 99,00 12944
0.0999 239040 7249 99.00 144.77
0.1105 2360.00 90.09 99.00 110.17
0.1210 236040 17.74 99.00 176.47
0.1315 2350.00 9541 99.00 190.12
0.1419 2160.00 102.70 99.00 209.61
0.1619 219040 110.14 99.00 220.29
0.1(19 2390.00 117.39 19.00 214.77
0.1717 2390.00 124.49 11.00 241.99
0.1911 2190.00 11149 99.00 2(2.92
0.1M7 »5040 11141 99.00 179.19
04000 1360.00 144.99 19.00 299.99
04090 2360.00 19142 99.00 303.04
04171 2390.00 19742 19.00 119.64
0.2219 2390.00 1(4.16 19.00 32141
0.2349 299040 170.30 9940 340.60
0.2432 2390.00 17141 11.00 392.97
04912 2360.00 192.11 91.00 3(4.27
049(1 2360.00 197.93 99.00 375.70
0.2111 2160.00 1(1.44 99.00 391.99
04743 2360.00 199.10 99.00 397.90
04917 2150.00 204.24 99.00 40949
04119 2390.00 209.4( 99.00 411.93
0.3910 1360.00 214.17 99.00 429.14
04029 2990.00 219.9( 99.00 419.12
04096 2350.00 224.44 99.00 44(49
041(2 2360.00 22942 (9.00 46944
04226 2350.00 2]1.(0 (9.00 4(7.79
04299 2160.00 23147 99.00 471.M
0.3351 2350.00 242.96 99.00 4(549
04411 23(0.00 247.33 (9.00 494.((
0.3471 2190.00 28112 99.00 503.14
04(29 215040 269.91 19.00 611.19
0.16H 21M.OO 269.94 99.00 611.59
04641 2390.00 213.99 99.00 627.99

Nou 1! Afliplid fttfli Enullofl B-29, Gdtftnci M Subtttutcui DradMd MtlMlil Cipplno, Bouillon dffore by • fodorof poroiffy tfu> lo dtflnxion truimi
Noli 2: CatcultUd CsMCLQ U dMOttf by roe to oomn ciftotHwnnilBoo: concortmioni

SimlMty Cl? MttolM • V<lK*y LMW D. Schuchird CW3002
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Stniltlvlty Analysis for Chemical Isolation Analysis - Varying v • Upper Boufl
PSR Superfund Site

WPUT

. IMfrt. U»c> xm xfom
31600 1.13E*01 0.00 0.0
moo 3.198*0( o.oi t.t
tUOO l.1(e*0t . 0.12 J.7
sisoo i.tse*oi 0.11 1.9
11)00 1.168*01 044 7.1
MUO 1.19G*0( 040 1.1
MUO 1.198*09 ».)« 11.0
11900 1.118*09 042 11.1
11900 1.198*09 041 14.1
IHOO i.iie*o( O.M 11. (
HIM 1.198*09 0.10 1IJ
KSOO l.19t«0( «.« 10.1
31100 1.110*09 0.72 213
3uoo 1.155*09 o.7< ».(
H900 i.i9E«0( O.M 29.9
luoo 1.118*09 ojo 174
K100 ).1tEMI O.M M.I
U9CO 1.198*01 1.05 31.1
3<900 1.11E*0( 1.01 12.1
31600 1.150<0» 1.14 34.7
1(900 3.19E*0( 140 31.1
31900 1.198*09 Ul 394
31900 1.19E*09 U2 40.2
31900 1.156*09 1.19 42.1
3«00 1.1(8+0( 144 43.1
»MO l.1(B*Ot 1.90 49.7
31900 1.150*01 Ul 47.9
39900 1.160*09 1.92 414
39900 1.1!E*0( 1.90 914
39900 1.190+09 1.74 93.0
39900 1.19E«09 130 94.1
31900 3.19EM9 1.99 99.7
3UH 1.161*09 U! 99.9
39900 1.198*09 1.99 10.4
IKOO 1.1(1*0*, 134 92.1
39900 1.168*09 2.10 94.0
39SOO 1.16E+09 2.19 19.9
39900 1.11E409 242 (7.7
1(990 1.160*09 249 9>.0
31900 l.1Se*0( 244 71.3
39900 1.150*09 240 73.2
39900 1.1SE+09 149 71.0
39900 1.198*01 . 232 79,9
UtOO 1.1(E»09 . 231 79.9
39900 . 1.198*09 . 2.94 (0.9
9(900 1.160*09 ' 2.70 911
39900 3.19E*09 1.79 14.1
39900 1.11E+01 .242 91.0
1UOO .1.19E*W 249 97.9
19900 ' 3.19E409 2.94 ' 99.9
19900 1.19E*09 ' 3.00 914

NoU V. UlpM mm EqulUon Ml, OU1«ir

CALCULATIONS

w x 1-CRMO v z i-EWtrj
0300 -1.74E-01 1.199 O.OOOE+00 0.174 0,906
0.000 -13(8-02 1.0>1 1.61IE-01 04(0 0.709
0300 1478-02 0.999 14018-01 0491 0.109
0.000 139E41 0.991 1.9558-01 0499 0320
0300 1.000-01 0.770 230(8-01 0349 0439
0300 231E-01 0.979 I4K8-01 O.M2 04(4
0*00 1371-01 0394 1J09E-01 0.719 0299
0.000 430E41 0497 43918-01 0.929 0.241
0300 9.74E-01 0417 8J11C-01 0.922 0.1t2
0300 I.17E-01 0.349 9.M4E-01 1.019 0.1(1
0300 731E-01 04(2 (31(8-01 1.109 0.117
0.000 1WE-01 0417 7.197E-01 1403 03(9
0300 949E-01 0.190 73198-01 1.299 0.097
0.000 1.040*00 0.141 0470E-01 1490 0.049
0.000 1.138*00 0.109 1.1248-01 1411 0339
0300 143E*00 03(2 (.771C-01 1377 0.029
0.000 142E*00 0362 1.0410*00 1.970 0.019
0.000 1428*00 0349 1.1010*00 1.7(4 0.01)
0.000 131E400 0.013 1.1730*00 1.997 0.009
0.000 1.908*00 0313 1419B*00 1390 0309
0300 1.708*00 0319 14418*00 LOW 0.004
0300 1.798*00 0311 14(18+00 2.117 0.003
0300 1398+00 0309 14118*00 2431 0302
0.000 1.1(8*00 0.009 141(8*00 2.324 0.001
0.000 2.07E4CO 0.003 13(4E<00 2419 0.001
0.000 3.1ICWO 0.001 1.929E1M 2.611 0.000
0.000 1.2(E«00 0.001 1.(*4E-tOO 2.(0! 0.000
0300 14«E<00 0301 1.769EKO 1.999 0.000
0.000 144E400 0.001 1.9J4E«0 2.792 0.000
0300 134E4M. 0.000 1.990E-MO l.Mi 0.000
0.000 2.93EMO 0.000 Ut«E«0 1379 0300
0300 2.72E«00 0.000 2320E«00 1.072 0.000
0300 1.92E400 0300 l.MSEWO 3.199 0.000
0.000 231E«00 0300 J.UOE*00 3499 0.000
O.OM XMbOO 0300 141iE<00 1493 0300
0300 1.1CE«0 0.000 2490E400 3449 0300
0300 3.1IE400 0300 2J49E400 3.940 0300
0.000 U»E«0 0.000 2411CtOO 1311 0.000
0300 149E400 0.000 14716*00 1.727 0300
0300 347E«00 . 0300 2.M1E*00 1.910 0300
0300 1JTEWO 0300 l.(0(E400 1314 0.000
0.000 l.KEtOO 0300 J.971E«00 4307 0.000
0300 '1.79E400 0.000 2.797E400 4.101 0300
0300 1.99E400 0300 2302B<00 ' 4.1M 0300
0300 1.94EMO 0300 2.SI7E+00 4499 0.000
0300 431E400 0300 2J32I400 44(1 0.000
0300 4.11E400 0300 2397E400 4471 0300
0300 41SE*00 0300 lJ)m*» 4M9 0300
0300 441E400 0.000 3.129E400 43(2 0300
0300 4.410*00 0.000 1.1»1E*00 4.799 0.000
0.000 4.«0e*00 0300 1.219E400 4.949 0.000

OUTfUT
DIJ.U woe ci>,t| ioi ci.a(«,t|

luaft.1 hjd/LI fmo/kaofil l(mofvgoc)
13000 2UO.OO 729.00 tl.OO 149030
OJ217 2390.00 9(041 (9.00 111143
03400 2190.00 101.lt 99.00 1217.99
0.7999 2360.00 641.90 99.00 109949
0.9711 139030 499.03 ((.00 97(39
0.9(14 23(0.00 429.77 »30 (9739
031X 1190.00 1TVM 1(30 743 1 J
043(( 2390.00 319.19 (9.00 93949
04709 1160.00 219.99 ((.00 917.K
04094 2190.00 223.99 ((.00 447.12
04(10 2190.00 1(349 ((.00 11(31
04047 2390.00 149.19 99.00 2»J7
0.1(31 23(0.00 11(41 H30 23(33
0.1191 1130.00 (2.99 M30 199.71
03(91 2190.00 71.93 99.00 141.96
03766 13(0.00 94.71 (130 10(43
039(9 2190.00 41.04 9UO (2.09
03419 2190.00 1041 (9.00 90.92
0.0104 2390.00 22.04 (9.00 44,01
0.031! 2390.00 19.77 (9.00 11-55
0.0111 2190.00 11.11 (9.00 1142
03109 1390.00 7.70 99.00 1940
0.0071 1390.00 9.16 99.00 10.11
0.0041 2390.00 1.91 >930 7.03
0.0032 2190.00 2.11 19.00 4.9(
0.0021 2130.00 1.91 ((.00 1.03
0.0011 2190.00 0.97 IS 00 1.93
0.0009 2190.00 0.91 99.00 1.21
03009 2UO.OO 0.19 9930 0.76
03001 2390.00 0.11 M30 0.49
03002 2350.00 0.14 99.00 047
0.0001 2190.90 0.09 (9.00 0.19
0.0001 23(0.00 0.03 99.00 0.09
03000 2390.00 0.03 99.00 036
03000 2160.00 0.01 99.00 033
03000 2160.00 0.01 ((.00 032
0.0000 21(030 0.00 (1.00 031
0.0000 21(0.00 0.00 99.00 0.00
03000 2190.00 0.00 91.00 030
0.0000 2190.00 030 99.00 030
03000 21(0.00 0.00 99.00 0.00
03000 2350.00 0.00 9930 0.00
0.0000 2190.00 030 99.00 030
03000 2390.00 030 91.00 030
03000 2390.00 0,00 ((.00 0.00
03000 1160.00 0.00 1(30 030
03000 11(0.00 0.00 99.00 030
03000 13M30 0.00 M.OO 0.00
0.0000 2390,00 0.00 99.00 0.00
0.0000 2390.00 0.00 9(30 0.00
0.0000 2990.00 0.00 ((.00 0.00

INPUT

t ftft \l\K\ 1 ffll X tend
0 0.008*00 13 103

10.0 1.158*0( 1.0 MJt
20.0 «Jie««t 1.0 103
3o.o (4(e*og 1.0 103
40.0 149C*09 13 30.9
U.O U«E«9 1.0 303
90.0 13M409 13 103
703 241E*0( 13 103
90.0 232E409 13 303
903 2345*01 1.0 303

1003 1,1(8*01 1.0 10.1
1103 1478*0( 13 ».(
120.0 !.7(S*0( 13 90.9
110.0 4.108*49 13 ' 103
140.0 4418409 13 303
1903 4.738*09 13 10:9
1903 9398*09 1.0 103
1703 9498*09 1.0 10.9
1(0.0 9.998*09 1.0 10.9
190.0 6J!E*OI 1.0 10.1
100.0 94ie*n 1.0 30.1
2103 (.928*09 1.0 103
2103 1.948M1 13 103
2103 7438*01 1.0 10.9
240.0 737E*0( 1.0 103
290.0 739E*0( 1.0 103
290.0 940E409 1.0 30.9
2703 1J1B«I 1.0 10.9
2903 9.91E*0( 1.0 30.9
1»3 (.198*09 1.0 103
100.0 9498*09 1.0 30.9
1103 9.79E*09 1.0 30.1
3203 1318*10 1.0 103
1103 1.048*10 1.0 103
1403 1378*10 13 103
3903 1.108*10 1.0 103
ltO.O 1.148*10 13 10.1
1703 1.178*10 13 303
1(03 1408*10 13 103
3103 14lt!*10 1.0 103
400.0 14(8*10 1.0 303
410.0 14(8*10 13 103
4»3 1418*10 13 U3
4303 1418*10 13 10.9
4403 1418*10 13 30.9
4903 1428*10 1.0 103
4(03 14(8*10 13 303
470.0 14(8*10 13 10.1
490.0 1318*10 13 10.1
4903 1398*10 1.0 10.9
100.0 13(8*10 1.0 10.9

nnreubtqu»uiDTMgi4>M«1|]C«clng. EquiaonOinnbyi(Mg»rptni>yAi<l<9inn9lcneri»m>

CALCULATIONS

W X 1-8RPOO Y Z 1-ERPIZ)
0.000 (WAI trav/oi I.O«E*OO toivm toiv/oi
0300 4(71*00 0.000 1.0UEMO ««1 0.000
0.000 141E*00 0.000 1.0»E*00 3312 0,000
0.000 2.7(8*00 0.000 1399E*00 l.MO 0.000
0300 24««00 0301 13((E*00 2374 0.000
0.000 139E*00 0301 1.0998*00 2.127 0301
0300 1.910*00 0309 1.09(E*00 2.144 0302
0.000 1.72E400 0319 139(8*00 2.001 0309
0.000 1.I(E*00 0.019 1399E*00 1.0(9 0.007
0300 149E*00 0.097 131(E*00 1309 0.011
0.000 14!E«00 0390 1319E440 1.7U 0314
0.000 1.100*00 0.0(9 1.09(8*00 1.9(9 0310
0.000 1418*00 0.0(2 130(E*00 1.913 0323
0.000 1.17E*00 03(9 139(E*00 1.919 0.027
0.000 1,118*00 0.119 1. 01(0*00 1321 0.031
0300 1.0(8*40 0.114 13UE*M 149( 0331
0.000 1.015*00 0.191 13(IE*00 1492 0.040
0300 931E-01 0.171 13(9E*00 1422 0.044
0300 149E-01 0.1(0 1.099E*00 1.399 0.049
0300 (30E-01 040( 13(98*00 1.171 0.091
0.000 (.(9841 0.229 139IE400 1449 0.097
0.000 941E-01 0.249 1.0918*00 1429 0.090
0300 7420-01 0491 13(fE*00 1.109 0.094
0,000 7.410-01 0490 1.0116*00 1492 O.OM
0300 74(E-01 0499 1.0KE100 U7( 03T1
0.000 7.10E-01 0419 13t(E*00 14(1 0.071
0.000 (39B-01 0.112 1399E400 1447 0.079
0.000 (.128-01 044( 1.01(0+00 1.239 0391
0300 940E-01 0.1K 1.0151*00 1.221 03(4
0300 (.110-01 04(2 131(8*00 1.112 0397
0300 939E-01 0499 1.0918*00 1.201 0.099
0300 1.798-01 0414 1.0110*00 1.192 0392
0300 9.9K-01 0429 1.01(E*00 1.199 0.0(4
0.000 141E-01 0444 1399E*00 1.174 0.097
0.000 144E-01 0419 1399E*00 1.1(9 0399
0.000 137E-01 0471 1.0910*00 1.199 0.101
0300 431E-01 0499 13998*00 1.192 0.101
0300 4.78E-01 0302 1.01(E*00 1.149 0.109
0300 4.90E-01 0319 1399E*00 1.131 0.107
0.000 4450-01 0329 13110*00 1.133 0.109
0.000 4418-01 0341 1.09(E*00 1.119 0.111
0300 4.1TE-01 0.111 1.0198*00 1.122 0.112
0300 431C-01 03(9 101(0*00 1.117 0.114
0300 9408-01 0.9(1 1.09(E*00 1.111 0.119
0300 1.7TE-01 03(4 13110*00 1.100 0.117
0.000 1.150-01 0.909 13910*00 1.104 0.119
0300 1318-01 0.919 139.9E400 1.100 0.120
0.000 141E-01 0410 1.0ME400 1.0(9 0.121
0300 34(0-01 0.141 1.0918*00 1.0(1 0.122
0300 1.19841 0.9(3 1.0110*00 13(0 0.113
0.000 3.078-01 0.194 1.09(8*00 (.099 0.124

OUTPUT
0|I,t) WQC C(>,1| (Ql Cnl|x,(|

lutf.1 lual.1 fmamaoci IfmaftaOCl
(DIVA) 3360.00 4OIV/OI 99.00 ^> /̂OI
0.0000 1310.00 0.00 11.00 D30
0.0000 2190.00 0.00 ((.00 0.00
0.0001 2360.00 037 (9.00 0.14
0.0009 2390.00 0.91 91.00 1.22
0.0011 2160.00 2.29 99.00 431
0.0073 139030 6.49 ((.00 10.93
0.0143 2390.00 1049 99.00 20.72
0.0231 2390.00 19.91 (9.00 31.17
03140 2360.00 24.97 (1.00 4(43
034(1 1JM.OO ».9( ».00 (7.11
03(19 23(0.00 43.37 (9.00 01.73
03742 2390.00 63.7( (9.00 10732
0.0((1 2390.00 (439 99.00 129.10
0.1044 219030 79.70 (9.00 19140
0.11(9 11(030 (l.(9 ((.» 173.91
0.11U U9030 194( (9.00 19137
0.1912 2390.00 101.99 99,00 219.17
0.1999 2390.00 120.01 99.00 241.41
0.1919 2190.00 131.90 (9.00 2(1.90
0.1170 2110.00 142.91 11.00 2(9.91
04119 239030 19337 99.00 307.19
04294 21(0.00 1(4.11 (9.00 321.21
0.2409 219030 17441 ((.00 J41.lt
O.U4( 1UO.OO 1(4.(2 M.OO 391.M
04(91 2360.00 19449 9(30 199.79
04914 2390.00 204.00 (9.00 409.00
04943 2300.00 213.39 (t.OO 421.70
04070 2390.00 221.94 (9.00 449.09
0.1111 2160.00 21149 (t.OO 4(2.92
04312 2330.00 240.19 99.00 490.31
0442( 2360.00 249.92 (9.00 497.26
04343 2360.00 269.97 (9.00 911.79
04994 2360.00 2(4.91 ((.00 3».(1
047(2 2390.00 272.74 (9.00 94946
0.39(7 2390.00 290.37 99.00 9(0.73
0.1(70 2190.00 297.90 99.00 979.99
04099 2190.00 299.04 (9.00 1(0.09
041(7 2160.00 102.09 99.00 904.K
042(2 2390.00 30947 (9.00 917.94
043(4 2190.00 119.97 11.00 111.39
04444 231030 32241 (930 14442
04(11 213030 319.19 9(40 U7.11
0.4(19 239030 334.90 99.00 9993(
04702 3390.00 140.99 99.00 (91.72
04793 2390,00 149.79 (9.00 (93.95
049(3 213030 132.66 1(30 709.10
04941 23(0.00 119.11 99.00 719.37
03019 2390.00 393.91 9(30 727.39
030(1 2390.00 3((.0( 99.00 739.12
0.9193 2160.00 374.11 9(30 749.12

Noli 2: CitaiMid C(MCU) li dM9id by tK lo oMUn ciiMivnofflulbrt nneirtnum
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Sensitivity Analysis for Chemical Isolation Analysis • Varying d •

PSR Superfund Site
Upp
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Sensitivity Analysis for Chemical Isolation Analysis • Varying d - Upper

PSR Superfund Site

WPUT

lUrA irtirt tan xfqn)
ItlQO l.ll&tOl 040 0.0
MUM 3.19E*OI 0.0« 1.1
11900 3.19E*0« 0.1> 9.7
11600 3.196*0). 0.10 04
3WM 1.1(6*09 0.14 74
11900 3.196*0) 040 1.1
iiwo i.iee«« oji 11.0
ItMO 3.116*0) 042 12.0
usoo 3.it6to> .040 14.*
HMO 3.116*01 044 11.1
11300 3.116*09 0.10 19.3
3(100 3.1(E*0( O.U 90.1
uuo 3.196*0) 0.72 2i.(
»goo i.isetoi o.n 21.1
UIOO l.UBrtS O.M 294
moo 3.iiE*oi am 274
11500 ].19E«Ot O.M 2(4
11900 3.116*09 . 1.02 11.1
11900 3.116*09 149 19.1
HBOO 3.196*09 1.14 14.7
U900 3.196*01 1.20 3(4
woo i.isewi I.M 3(4
11900 3.116*09 142 40.1
ittoo i.i«e«o9 us 41.1
11500 1.116*09 . 144 434
11900 3.196*09 1.90 49.7
11500 3.196*09 149 47.6
>UOO 3.196*0( 1.<1 414
11900 1.196*0) 1.11 91.2
11900 3.11E«09 1.74 91.0
11900 3.11E*09 140 144
U>00 3.196*0) 14) U.7
MBOO 3.196*09 143 at
11900 3.196*00 1.11 104
3(500 3.196*0) 2.04 (2.2
11900 3.196*09 2.10 M.O
1C900 3.116*09 2.11 19.1
1CHO 1.116*09 222 17.7
1(500 1.11E«0) 2J( (94
11900 1.19E«09 244 71.3
11900 3.116*09 240 71 J
HMO 3.11£*09 241 79.0
M900 >.19E<OI 242 7«.«
11900 3.196*0) 241 7».(
1(500 3.196*09 2.«4 904
31100 3.196*09 2.70 924
UUO 3.11E«0* 1.71 (4.1
1*900 3.19E*0( 2.(2 M.O
11900 I.19C40I 24* (74
11900 '1.1(B«09 244 M.I
3(100 3 116+0* . 140 IM

CALCULATIONS

W X 1-6FWIX) V 2 1-efWn
0.000 -1416-01 1.011 0.0006400 0484 0.133
0400 3416-03 0.111 1.319(42 0.112 0474
0400 l.ioe-02 0490 1410E42 0.170 0.910
0400 1.20641 0411 3.7(4643 033t 0.747
0.000 1.7(641 0.901 1.0DE41 0.211 O.(«f
0400 2.1(641 0.71) (4T4E41 0444 O.RI
0400 244E-01 0479 742*642 0402 0470
0400 142E-01 0.11) (.7(1642 04CO 041«
0400 4.10E41 O.M2 1.0ME-01 0410 04M
0400 4.KE-01 0.101 1.11(641 0479 041«
0400 1.26641 0467 1.211641 0494 0470
0400 944E-01 040) 14(0641 04*2 0.320
0400 (42641 0414 140(6-01 0.790 0.299
0.000 740E-01 0422 1411641 0400 0.293
0.000 7.6«M1 0.2M 1.717E41 04(1 0.221
0400 (.1C&41 0149 1.U2641 0414 0.1*1
0.000 1.74E41 OJ1( 2409E41 O.M2 0.119
0.000 9,32641 0.117 2.1336-01 1440 0.141
0.000 ).)OE41 0.1(1 2.299E41 14)0 0.120
0400 1.016*00 0.11) 14ME41 1.191 0.101
0400 1.11E«00 0.11) 2410S41 1,214 04M
0400 1.116*00 0.100 i.(iiE4i 1.271 0472
0400 1.116*00 04H 2.7I1E-01 1490 04(0
OAN 11«e*W «.«!« !.(,«&« IMt ».WO
0400 1446*00 0499 1.011E-01 1447 0.041
0.000 1406*00 0.041 3.137C41 1.901 0.099
0400 1492*00 0.040 Utie-01 14«3 0.027
0400 141E*W 0411 14M641 1421 0.022
0.000 1.976*00 0.02( 1413E41 147) 0.011
0400 141E*00 0421 3.139641 1.717 0.014
0.000 t.69E«00 0.017 1.794E-01 1.7IS 0.011
0400 1.74E*00 0.014 3410641 1491 0.009
0.000 140E*00 0.011 4.019641 1411 0.007
0.000 14IE*00 0.00) 4.141E41 1.11) 0.009
0400 1.)2E*00 0.007 4.1I4S-01 2.027 0404
0400 1.IIE*00 0409 4.3(1641 2.019 0.003
0400 2436*00 0.004 441TE41 2.141 0.002
0400 2.0)E*00 0401 4.M1E-01 JJ01 0.001
omo i.ue*oo 0.001 4.7UM1 uu o.ooi
0400 2.318*00 0401 44ME-01 2417 0.001
0.000 2J7E400 0.001 I41)E-01 2.97S 0.001
0400 2J2E400 0.001 9.149E41 2491 0.001
0400 14«E*00 0.001 IJTOE41 14)1 0400
0400 244E400 0.001 (JKE41 244) 0.000
0400 1408*00 0.000 6421E41 2.(07 0.000
0400 14(E*00 0400 9447E41 2.9(9 0.000
0400 IJIEtOO 0.000 9.777E-01 2.721 0400
0400 KTEtOO 0.000 94)7M1 l.m 0400
0.000 2.T1E*00 0.000 (429E41 249) 0400
0400 1.7)E*00 0400 ' «.14e£-01 24)7 0400
0400 K9E+00 • 0000 I.274E41 • 2.999 0.000

OUTPUT
>l>,i) woe ci>..(| >ai etttfiA

(UO/LI fufljvt fmoncapci umontaocL
1.0000 2390.00 72940 tl.OO 14BO.OO
O.)401 2190.00 101.71 11.00 11(341
0.1103 2390.00 (3IJ3 ))40 127)49
0.9204 2390.00 99441 )140 11«l.(9
0.7911 119040 991.92 19.00 1101.94
0.701) 119040 50141 M40 101)41
O.HH 2390.00 4M.20 11.00 131.31
04)09 1UO.OO 41I.M 1)40 U(4t
0.9171 239040 19)41 M.OO 77)41
04M4 2UO.OO 351 ( ».00 709^3
04190 2190.00 317.0 M.OO (39.11
OJI24 139040 2U.4 M.OO tU.lt
OJ4)7 219040 2914 11.00 90744
0401) 2190.00 224.7 ))40 44)42
0.2712 21M.OO 1N.1 M.OO 1)(.1>
OJM» UU.OO 171.1 19.00 347J9
OJO«5 2390.00 19142 11.00 30244
0.1911 1390.00 13U9 M.OO 2(24(
0.19(1 2390.00 1D.1) 11.00 22IJ9
0.11U 3>9040 «7.01 11.00 1t443
0.1140 239040 !].(( M.OO 11(41
0,<rtll 2190.00 70.01 M.OO 140.12
04)14 2190.00 11.05 M.OO 111.0*
O.OK1 2310.00 4I.<3 11.00 «49
049M 2190.00 41.19 11.00 «!JO
04470 2390.00 34.09 M40 ((.11
043M 2310.00 29.02 M.OO tl.01
0.011) 2390.00 2241 M.OO 4942
04297 2390.00 1(42 99.00 17.24
0.0107 2190.00 1944 M.OO 10.0)
0.01(7 2390.00 1249 tl.OO 24.11
04199 2990.00 IK 11.00 11.21
04109 2190.00 7.16 M.OO 15J1
040)3 2390.00 1.03 11.00 12.01
040U 1390.00 4.71 11.00 )49
04091 139040 1.11 M.OO 7J9
0.001) 1190.00 249 M.OO 94)
0.0010 2190.00 2.11 11.00 441
0.0021 2390.00 1.17 M.OO 3>4
0.0019 239040 U7 M.OO 244
04011 2390.00 04( M.OO 142
04010 239040 0.72 M40 144
0.0007 1390.00 P.94 M.OO 147
0.0009 2390.00 040 9)40 0.7)
0.0004 1390.00 0.2) M.OO 0.99
04003 2390.00 041 M.OO 041
04002 231040 0.1) M.OO 0.11
04002 2390.00 0.11 9)40 OJ2
04001 2390.00 04) M.OO 0.1)
04001 2350.00 041 H40 0.11
04001 23SO.OO 044 M.OO 04)

HPUT

1M1 UM3. x(Tn x(ffft_
0 O.OOE*00 1.0 304

10.0 3.19E*0) 14 10.9
204 141E*09 1.0 10.9
M.O «4te*M 14 104
404 1.MC*0> 14 104
904 149C*0« 14 304
(04 14W*0> 1.0 104
704 J-J1E«I 14 104
M.O 242E*0) 14 104
M4 244E*0) 1.0 104

1004 I.19E40) 1.0 904
1104 347E*OI 14 104
120.0 3.7)E*01 14 104
110.0 4.10E*OI 14 304
1404 442E40I 1.0 104
1904 4.73E*OI 14 104
1(04 (49E*0) 14 304
1704 94(E*0) 1.0 30.9
1)04 ».«£«! 1.0 304
1)0.0 9.HE*0( 14 104
200.0 (41E*0> 14 30.9
210.0 I42E*OI 14 304
2204 (44B*0) 14 104
1904 7J1E449 14 104
1404 747E*0< 1.0 104
110.0 7.19E40) 14 904
2(0.0 1.200*01 1.0 304
270.0 (4ie*OI 14 10.9
290.0 )41E*09 1.0 90.9
210.0 ).19E*OI 1.0 304
1004 •4CE«Ot 14 304
3104 l.T)E*0) 1.0 304
320.0 141E*10 14 104
3304 144C*10 1.0 30.9
940.0 147E*10 1.0 104
990.0 1.10E*10 14 904
110.0 1.14E*10 1.0 104
170.0 1.171*10 1.0 104
1(04 1»5«10 14 304
1M4 U3B410 1.0 104
4004 UIE*10 14 104
4104 1JK+10 14 10.1
4204 14JB*10 14 104
4104 1J!E»10 14 104
4404 U1E»10 14 104
4904 142£*10 1.0 304
4(04 1451*10 1.0 304
4704 14(t«10 14 104
4(04 141E*10 14 104
4)04 «JUE«10 14 304
900.0 149E*10 1.0 • 304

CALCULATIONS

W X '•ertf'» * Z 1.eRP(2̂
0400 IDMQI (OIV/OI 2491E-01 tOHf>( IOITOI
0400 344E*00 0400 24I1E-01 1.070 0,000
0400 2.142*00 0402 1.011E-01 2.1X 0402
0400 1.748*00 0.014 1.0810-01 1.7)9 0411
0400 14»E*00 043t 2.011E-01 1.9(1 0427
0400 U1E*00 04)0 14)1641 1401 0447
0.000 U1E*00 04(0 2.0(1641 1.2)0 O.OO
0400 1. 116*00 0.111 2.0)16-01 1.101 O.Otl
0.000 1.03E400 0.144 2.0)1E-01 1.12) 0.110
0400 (4)641 0.171 2.0I1E-01 1.071 0.130
0400 1.11E-01 0.1)7 24)16-01 1.021 0.141
0.000 1.I5E-01 0421 24>1E-01 047) 0.1M
0.000 (.136-01 0444 1.011E-01 0442 0.1)3
0400 7.ME41 0.1II 2.011E-01 0410 0.1M
0400 7436-01 OJ<7 24)16-01 O.M1 0.211
0.000 7J3E-01 040) 24I1E-01 04M 0.22)
0400 I.I1E-01 0429 24)16-01 0433 043)
0.000 (.71641 0443 2.0)1641 0412 0491
0.000 (49E-01 041) I.011E-01 0.7)3 0^(2
0.000 IJ7E-01 0479 IJJUE'OI 0.771 OJ72
0.000 (47641 04H 24)1641 0.7(0 O.M]
0400 t.ME-01 0409 2.0)1641 0.741 0.2(2
0400 (.776-01 041) 2411E41 0.711 0.300
0.000 (.K641 0412 1.0)1E41 0.720 0.3Q1
0400 140E41 0441 2.0I1E41 0.709 0.117
0400 t.2tE41 0417 2.0)16-01 0.117 0.124
0.000 t.13641 041) l.0«ie-01 0.117 0.331
0.000 (40641 04(0 1.0)1E-01 0477 0.139
0400 44TC-01 04)1 2491E41 O.M! 0.349
0400 4.7(641 0.901 2.091E41 04(0 0.311
0400 4.HE41 0.111 24)1641 0.191 0.317
0400 4446-01 0.921 2.0(1641 0444 04)2
0400 444E41 0430 J.OI1E-01 0437 0.3(7
0400 4446-01 0.93) 2.0)1641 0.131 0.373
0400 441641 0449 24)1641 0414 0.377
0400 4.1)641 0497 14)16-01 041) 0493
0.000 447E41 04(9 2.0(16-01 0412 04(7
0400 34(641 0471 3491641 O.S01 0411
0400 341641 04«1 24)1E41 0401 0.1)9
0400 3.13641 0.119 2.0)1E41 0.099 0.311
0400 1.79E41 0.9M 2.0)1E-01 0.9)2 0403
0400 l.ME-01 0403 2411E41 04)T 0401
0400 341E41 0410 1.0116-01 0413 0.410
0.000 144641 0411 24)1641 0479 0413
0400 14(B41 0423 2.0(1641 0.174 0417
0400 341041 041) 1411C41 0471 0420
0400 34IE41 0.131 24)1E41 0.1(7 0423
0.000 IJ1E41 0.142 1JJI1E-01 O.M1 042(
0.000 343641 0.(4( 2.0116-01 04(0 0.42)
0400 3.17E41 0.04 2.0)1641 0417 0431
0.000 3.12E41 04(0 2.0)1641' 0.193 0434

OUTPUT
S|I,q WOO C|x.t| IQI OlMII,!)

tuo/1,1 (uofLI Imo/kaOCl llmp/kaoci
•DFVAI 2390.00 lOfV/OI M.OO HOIV/OI
04000 2310.00 0.01 M.OO 0.02
04021 2390.00 1.7) M.OO 141
04111 2390.00 10.01 M.OO 20.17
0.0131 2390.00 2441 M.OO 41J1
O.OU) 2390.00 42.71 M.OO 9942
04999 239040 (24) M.OQ 124.1)
0.1133 1350.00 92.11 M.OO 1(4.23
0.1400 2390.00 10141 M.OO 2024)
0.1(91 2U040 120.0) M.OO 240.11
0.1MO 2390.00 137.71 M.OO 171.53
04111 2310.00 194.4) M.OO 30943
0.234) 23M.OO 170.20 M.OO 34041
0.2112 2310,00 119.02 19.00 370.09
0.2741 2310.00 1)9.99 M.OO 19741
0.2)21 1110.00 212.12 M.OO 424.24
0.3017 231040 22441 11.00 441.01
0.3291 2390.00 239J2 M.OO 47243
0.3411 21(040 247.21 99.00 494.K
04999 1110.00 297.79 M.OO 91940
04(12 2390.00 2I7.M M.OO 1314(
0.3922 2390.00 277.11 99.00 994.21
04941 231040 29C.07 19.00 972.14
040U 1UO.OO 2t4.«0 M.OO 199.20
0417( 2390.00 102.73 M.OO 10947
042(1 2190.00 31040 M.OO 9204)
04199 2190.00 317.12 tl.OO 93943
044(1 3190.00 329.01 M.OO C9043
0.4977 2190.00 111.91 M.OO 163.13
04117 2190.00 331.3) M.OO 17(47
04791 2390.00 344.9) 9(40 (99.1)
04(3) 2390.00 31041 M.OO 701.21
04IH 1350.00 355.31 99.00 712.7)
04H3 2310.00 311 11 M.OO 713.12
040(7 2390.00 167.11 M.OO 734.66
0.1131 2190.00 17240 M.OO 749.00
04207 2110.00 37741 M.OO 79441
0.8171 2310.00 311.31 «.t» 7U.13
0.1331 2390.00 316.99 M.OO 77149
0.1400 2190.00 19141 99.00 7)247
044(0 219040 19041 M.OO 7)1.70
04111 1110.00 400.01 M.OO 100.11
04171 2390.00 404.17 M.OO (01.31
04(30 2310.00 40(.11 M.OO 11(4)
O.IM3 3310.00 412.00 M.OO >2440
04794 2310.00 419.74 M.OO 9314)
0.9799 2390.00 41)40 M.OO (19.76
04633 2310.00 42241 M.OO 949.92
0.6111 2310.00 421.39 M.OO (92.70
04(27 2310.00 42).() M.OO (91.31
0.1972 2390.00 432.94 M.OO 069.9)

Mi 1: Htftu torn Equnlon D-29. OuUnct tor Bgbiquiwi Dn4gM MMHil Cqplnf, (fiiM arm By i Met of porerty dm l« taaum of itmi
ill 2: CttuMid CtMQU) to anua by roe It ownn uAwMMmultal Mncirtrnlorti
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Sensitivity Analysis for Chemical Isolation Analysis - Varying foe • Intermei
PSR Superfund Site

WPUT

t (tf«\ i Ate) K (Th x fern)
19900 i.i9E*09 0.00 0.0
39600 3.16E*09 0.01 1J
33900 3.19E40I 0.19 . 1.7
MBOO 1.19E*09 0.10 94
19900 1.19E*09 0.24 ' 74
HIM 1.19E*09 040 1.1
IUM 3.1IE«OI . OJ( 11.0
3(900 1.19E*09 042 124
1((00 3.19EM9 041 14.1
33600 3.16E*09 Oil 134
13300 1.16E*09 0.30 13.3
91100 3.13E*09 O.C9 20.1
13600 1.16E*09 0.72 21.9
1UOO 1.19E*0( 0.79 21.9
999M 1.168*01 044 28,«
11900 1.1ftE*OI OJO 374
USOO 1.19E«OI OJ9 29.1
19900 1.19E409 1.02 11.1
19900 . 1.19E409 1.09 12.1
99900 3.13E*09 1.14 34.7
19900 3.16E+09 140 99.9
19990 1.196409 1.29 194
19900 3.13E409 142 40.2
19600 1.19E*09 U9 42.1
19900 1.19EM9 144 41.9
19900 3.13E*09 140 49.7
19900 1.1!E*09 149 47.«
19900 3.13E*09 1.92 494
19990 9.19E«09 1.99 91.2
19SOO 3.13E*09 1.74 91.0
19900 3.16B*09 1.90 M.I
19100 3.13E40I 1JI 99.7
399M 3.19E*09 1J2 99.9
1(900 1.19E*09 1.99 904
1(900 3.19E409 244 92.2
39900 3.11E*09 2.10 344
1(400 1.192*09 2.19 (1.1
199M 1.1CCM9 2.22 97.7
19900 3.1BE+09 2.29 99.9
19900 3.19E*09 144 71.3
19900 1.11E409 140 71.1
19900 1.10E409 141 79.0
39900 1.1!E«) 242 79.9
1(900 1.1BE*09 249 79.9
1(900 1.19E*OI 144 90.9
19900 1.13E403 2.70 92.3
39900 3.19EMI 2.79 94.1
19900 1.19E*09 2.91 99.0
39900 !.19E«09 249 97.9
1(900 3.11E409 144 99.9
9(900 111E+09 140 914

CALCULATIONS

W X 1>Er̂ F(jO Y Z 1-CRnZ)
0.000 >1.24E*01 1.119 0400E+OQ 0.124 0,991
0.000 •A.UE'Ol 1jQ94 3.312E-02 0.191 0.797
0.000 141E-M OJ9< 4.04E-02 0.2W 0.719
0.000 7.70E-02 OJ11 9419042 0.1J4 0.949
0.000 144E-01 0419 1425E-01 0491 0490
0.000 2.11B-01 0.799 1.999E-01 0499 0417
0.000 2.79E-01 0.199 1497E41 0.921 0499
0.000 349E-01 0.929 2419E-01 0412 0402
0400 4.11E-01 0.9(1 2.949&01 0.999 0491
0.000 4.79E-01 0499 2.991E-01 0.729 0.109
O.OM 949E-01 0441 3412E-01 0.793 0.292
0.000 3.12E-01 04(7 1.M1E-01 0.9(0 0.224
0400 9.7IE-01 0417 3.974E-01 0.927 0.110
0400 749E41 0491 4401E*01 0.994 0.190
0.000 3.13E-01 0:2«0 4.939E-01 1.0(0 0.1V
0,000 9.90E-01 0411 4.999E41 1.127 0.111
0400 947E-01 0.191 6J99M1 1.194 0.091
0400 1.01E*00 0.192 1.930E-01 1.131 0.079
0400 140B400 . 0.129 9.991E-01 1429 0.090
0.000 1.16E*00 0.109 9.292E-01 1.399 0.049
0.000 141B«0 0.099 9.924E-01 1492 0.019
0.000 14(E*00 0.070 3JBSE-01 1429 0.091
0.000 149E*00 0497 749(641 1.999 0.024
0400 141E*00 O.Wt 7.917E41 1.991 0419
0400 149E*00 0.039 7.949E41 1.729 0.014
0.000 1.93E*00 0429 9.279E-01 1.799 0.011
0400 1.92CMO 0.022 9.11 IE J1 149) O.OOt
0.000 i.<«e«co 0417 «*iie-oi 1.930 0.009
0.000 1.79EMO 0.013 9J71E41 1.997 0.009
0.000 1.92E400 0.010 9.904E-01 2.094 0.004
0.000 1.99E*00 0409 9.919E41 2.131 0.001

. 0.000 149C400 0.009 1427E400 2.199 0.002
0.000 242E«00 0.004 1.0(OE*00 2^(9 0.001
0.000 2.00EXIO 0401 1493E4«0 2411 0.001
0.000 2.19E400 0.002 1.12(E«M 2491 O.OOt
0.000 2.22E«0 0402 1.199E400 2499 0.000
0.000 2.29C+00 0.001 1.19ie«00 2.932 0.000
0.000 J4SE«00 0401 1JJ»E*00 2.999 0.000
0.000 242EMO 0401 1.299E400 2.9(9 0400
0.000 249EMO 0400 1JtJE«00 2.733 0.000
0.000 24!E4W 0400 142SE«00 1.900 0400
0.000 2.92E<00 0.000 U99E<«0 2.997 0.000
0.000 2.99E«0 0.000 1.391E400 2434 0.000
0.000 2.79E«00 0400 1424E400 3401 0.000
0.004 1.92E-IOO O.OM 14tTC««0 l.Mt 0.000
0400 2.99E400 0400 1490EMO 3.134 0.000
0.000 2.99S«0 0400 1423E*00 JJ01 0.000
0.000 342EMO 0.000 1497E400 3^99 0.000
0.000 3.09C4CO 0400 1.990E400 3.339 0400
0400 3.1(E«00 0.000 1, (236*00 3402 0400

OUTPUT
•Ixfl wao cufl tag CIMII,H

lua/Lt lua/LI (malhDOCt IrmflftaOOl
14000 239040 729.00 9940 1490.00
0.9390 23M40 990.79 99.00 139149
0.17(7 2390.00 939.99 99.00 1271.17
04139 239040 999.99 99.00 1179.70
0.7904 239040 94441 (9.00 10(9.12
04979 239040 499.U 99.00 997.39
0.9294 21(0.00 494.14 99.00 909.29
0.9U7 2390.00 410.97 99.00 921.74
0.9093 2390.00 1(9.23 99.00 73949
04949 2390.00 32949 91.00 9(9.10
04029 239040 292.09 99.00 994.19
04949 2390.00 29747 99.00 914.13
04099 2390.00 224.93 99.00 449.29
0.2999 2390.00 194.K 99.00 199.71
04314 2390.00 197.79 99.00 93949
0.1979 2390.00 14341 99.00 29943
0.1979 2390.00 121.99 99.00 243J2
0.1413 2390.00 10243 99.00 204.99
0.1110 239040 1947 9940 171.14
04979 2330.00 7044 99.00 14149
04909 239040 99J9 99.00 119.71
04(97 2390.00 47.U 99.00 93.29
04932 239040 3(.9( 99.00 77.13
O.M27 2390.00 10.99 99.00 (1.99
0.0340 2360.00 24.99 99.00 49J7
042(9 23(0.00 19.91 99.00 19.03
0.0211 2390.00 11.30 9940 30.90
0.0194 2390JOO 11JO 99.00 23.90
04127 236040 9.19 9940 19J9
04097 233040 7.03 9940 144)
04074 2390.00 6.31 99.00 ».((
04019 239040 4.01 99.00 9.01
0.0041 2330.00 3.00 99.00 9.99
0.0031 2160.00 2.22 99.00 443
0.0012 2190.00 1.93 99.00 3J(
O.OOK 2330.00 1.19 99.00 2.37
0.0012 2390.00 0.19 19.00 1.71
0.0009 2390.00 0.91 99.00 1.22
O.OOOt 2390.00 043 99.00 0.97
04004 239040 OJ1 99.00 041
04003 2190.00 041 99.00 043
0.0002 2330.00 0.13 99.00 040
0.0001 2190.00 0.10 99.00 OJO
0.0001 2390.00 0.07 99.00 0.14
0.0001 2330.00 O.OS 99.00 0.09
0.0000 2190.00 0.03 99.00 0.09
0.0000 119040 0.02 99.00 044
04000 236040 0.01 9940 0.03
04000 239040 041 9940 041
04000 239040 0.01 99.00 041
0.0000 2360.00 0.00 99.00 0.01

INPUT

1 IVrt 1 fttcl x (in • tent)
0 040EMO 1.0 304

10.0 1.16E*09 14 10.9
204 I41EKW 14 104
10.0 I49E40I 14 104
40.0 U9E*09 1.0 30.6
904 149E*09 1.0 104
90.0 149C*09 1.0 304
704 JJ1E«« 1.0 104
•0.0 2.92E*09 1.0 304
90.0 244E*09 1.0 104

100.0 3.13E«09 14 30.3
1104 347E*09 14 30.9
120.0 3.79E*0( 1.0 304
130.0 4.10E*09 14 30.9
140.0 442E*09 1.0 30.9
190.0 4.736*09 1.0 30.9
190.0 949E*OI 14 10.9
170.0 9J(E*09 1.0 104
1904 94(E«Q9 1.0 104
190.0 9498*09 1.0 104
200.0 IJ1E+09 14 104
210.0 9.92E*09 1.0 104
220.0 9.94E409 14 30.9
130.0 7Jtt«09 1.0 304
2404 747E*09 1.0 304
290.0 7.99E«09 1.0 30.9
2(0.0 9.20E409 1.0 104
270.0 941E*09 1.0 304
200.0 9.93E*09 1.0 104
2904 I.19E*09 1.0 104
300.0 94(E*09 1.0 304
1104 9.7<E*09 VO 304
320.0 1.01E*10 1.0 304
330.0 1.ME*10 1.0 30.9
340.0 147E*10 14 30.9
3604 1.10E*10 14 104
390.0 1.14E*10 1.0 304
170.0 1.171*10 1.0 104
3904 1JOE»10 1.0 104
3904 1446*10 14 304
400.0 14<E*10 1.0 304
410.0 14»E»10 14 104
420.0 1.12E*10 1.0 104
410.0 U(E*10 14 304
440.0 U9E*10 14 304
490.0 142E*10 14 304
490.0 146E«10 1.0 304
470.0 149£*10 14 104
4904 141E+10 14 104
490.0 1.69E410 1.0 104
9004 149E*10 14 104

CAlCULATIONe

W X 1'ERPflQ V Z 1*CHFIZ>
0400 (CMOI 9OIWI 9.920E-01 IOIV/01 »MOI
0400 149E400 0400 9420E-01 3.9(6 0400
0400 244E*00 0401 9420E-01 2.941 0.000
0400 147E*00 0.009 9.920E-01 2.104 0.003
0400 149E400 0417 9JME-01 1.941 0.009
0400 149E*00 0439 9.920E-01 1.9(4 0.019
0.000 1J4E*00 0.097 9420E-01 1.633 0.030
0.000 1.336*00 0492 9420E-01 1419 0.042
0400 1.14B*00 0.109 1420E41 1497 0499
0400 149EMO 0.113 6.UOE-01 1495 O.KB
0.000 941E41 0.191 9420E-01 1.239 0.090
0.000 I43E-01 0.197 9430E-01 1.193 0.092
0.000 942E-01 0.212 9430E41 1.193 0.103
0400 9J7E-01 O.JJT (4.20&01 1.119 0.114
0400 749E-01 0410 9.910E-01 1.099 0.124
0.000 749E-01 0.293 9.920E-01 1.0(1 0.133
0400 7.11E-01 0.103 9420E-01 1.019 0.142
0.000 9.94E-01 OJ2( 9.920E41 1.017 0.191
0.000 946E-OI 0.347 9420&01 0.197 0.169
0.000 9J9E-01 04(7 6420E41 0.1(0 0.1(1
0.000 9.13E-01 . 0499 6420&01 0.991 0.173
0.000 940E-01 0404 9420E-01 0.949 0.190
0400 9.99E-01 0422 9420E-01 0.999 0.199
0400 949E41 0439 9430E-01 0.123 0.192
0.000 «4»E-01 0499 9.920E-01 0.911 0.1(7
0.000 9.10E-01 0471 I420E-01 0.901 0403
0400 441E41 0497 9.920E-01 0.991 0.200
0400 4.79E-01 0.902 9420E41 0.912 0.212
0400 449E-01 0419 9420E-01 0.973 0417
0400 444E-01 0.630 9420E-01 0.099 0.221
0400 4J9B-01 0444 9.920E41 0.069 0429
0400 4.16E41 0417 (420E41 0.191 0.229
0.000 4.0JE-01 0470 6420E-01 0.949 OJ32
0.000 149E-01 0492 9420E-01 0.939 0.23(
0.000 l.HE-01 0494 9420E-01 0.933 04JI
0.000 V99E-01 0.909 6420E-01 0.929 04<!
0400 141E-01 0.119 9420E-01 0.922 0448
0400 141E-01 0.929 6420E41 0.919 0447
0400 1J1E41 0.940 9.920E41 0.911 0460
0.000 1JOE41 0.691 9420E-01 0.909 0491
0400 1.10E-01 O.((1 9420E41 0409 0.266
0400 140E41 0.971 9420E41 0.901 0.267
0400 240E41 0.991 (420E-01 0.799 0.299
0400 3.91E-01 O.((1 9420E-01 0.794 0491
0.000 2.72E41 0.700 9420&01 0.7(1 048)
0.000 243E-01 0.710 9420E-01 0.799 04(6
0400 144E41 0.719 1420E41 0.799 04(7
0400 24(E-01 0.721 9420E41 0.793 0.299
0400 241E-01 0.737 9.620E41 0.790 0470
0.000 UOE41 0.746 9.I20E-01 0.779 0.271
0.000 2.22E-01 0.794 9420E41 0.779 0.273

OUTPUT
•|Ifl WOO e|x,t) 999 Cl«»K,t|

lualtt lua/LI (maAaoci Ifma/kaOCi
iCXVAl 2160.00 fONAI 99.00 DD1VAV
0.0000 1330.00 0.00 19.00 0.00
0.0009 2390.00 040 99.00 0.00
0.0063 1330.00 3.90 99.00 7.99
0.01M 239040 12.03 91.00 24.01
0.0337 233040 2444 (1.09 40.99
0.0947 2360.00 99.93 19.00 7949
04777 2390.00 6349 99.00 112.72
0.1019 1130.00 73.77 99.00 147.64
0.1199 1330.00 9149 99.00 192.99
0.1497 2390.00 1094( (9.09 217.13
0.1729 2390.00 12649 99.00 260.79
0.1993 2390.00 141.C2 (9.00 2(344
0.21(9 1330.00 197.21 ».00 31443
04376 219040 172.17 (3.00 344.14
04972 2160.00 19(49 11.00 972.90
04790 2990.00 200.09 (9.00 400.19
04939 2160.00 213.11 (9.00 429.21
0.2111 2990.00 22343 9940 491.09
0.3274 2360.00 2174* 99.00 474.77
0.3431 2390.00 249.71 99.00 4(742
046(0 2310.00 269.93 (9.00 319.07
0.3713 1360.00 1U49 11.00 639.79
0.3931 2390.00 279.79 99.00 699.67
0.3990 1360.00 299.27 (9.00 97943
0.4111 2390.00 299.39 9940 999.71
0.4239 2360.00 30747 t%.00 tU.tt
04391 2390.00 31344 99.00 930.99
04492 2360.00 32349 99.00 949J7
04999 236040 33142 91.00 ((243
04(71 2330.00 339.K 1(40 (77.31
04770 23(0.00 349.92 99.00 (91.94
04099 2360.00 992.73 91.00 706.43
04997 2360.00 399.39 99.00 719.77
0404( 2190.00 3(9.91 9(40 "1.63
04131 2100.00 372.01 91.00 744.03
04214 2360.00 379.01 19,00 799.02
0.92M 1390.00 393.31 99.00 797.91
0.0371 2330.00 39941 99.00 779.94
0.6449 1390.00 394.93 9940 799.10
0.9919 2390.00 400.11 99.00 (00.22
0.9999 1310.00 403.11 99.00 91042
04(67 2330.00 410.16 (9.00 (20.31
04723 2390.00 414.96 99.00 9U.91
0.9799 2390.00 419.11 99.00 939.22
04090 29BO.OO 424.13 99.00 94047
0.9911 2390.00 429.99 (9.00 937.01
04970 2330.00 432.90 99.00 9(9.90
0.9027 2330.00 439.99 99.00 973.12
0.9003 2390.00 441.00 99.00 992.00
0.9137 2390.00 444.H 99.00 999,97

Nctt 1 : Mtptid from EquHInt D-29. OuUtno hr Subwutoui DriagM MilxW Ctpptig. Equtllon aim by i ficlaf Xpontty «n w dtdrllon <t lwm>
Noli 2: OKvMid Ciuyn Is mutt by fog l» oWitn uitorvnonurM connntratlem
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Sensitivity Analysis for Chemical Isolation Analysis • Varying foe - Lowererl
PSR Superfund Slta

INPUT

ifdtvi iftofl ifm utm}

11900 9.1CE*0( 0.01 1.0
19900 1.18EW9 0.12 1.7
UiOO 1.19B«09 0.11 ».»
19900 1.1(E*09 024 T4
11(00 l.15g*C( 0.90 9.1
UIOO 9.1CE*0( O.U 11.0
1(500 1.10E*0( 041 12.1
9(900 i.i9E*o( 0^1 u.i
1(900 9.196*09 O.M 19.9
19900 1.10E*09 O.M 19.3
1(900 i.iee<o9 o.u 10.1
11(00 1.18E*0( 0.72 21.9
moo i.uetog 0.79 21.1
31100 l.1(e*09 0X4 29.1
3lftOO 1.156*09 0.90 274
31100 3.156*11 0.91 19.1
39>00 1.15E*09 1,02 11.1
K900 1.19E*09 1X9 12.9
31100 9.1(E*09 1.14 14.7
3ISOO 9.19E«0» 120 19.9
39500 1.19E*09 129 1(4
99900 9.19E*09 Ul 40.2
39900 1.19E*09 Ul 42.1
19100 1.19E*09 144 41J
19900 l.19C*n 1.50 49.7
19900 1.19E409 1.99 47.1
3C900 9.1(E*09 1.92 494
31900 9.1(E*0( 1.99 91.2
94900 I.19B*0( 1.74 99JO
99900 1.19E409 MO M.9
19900 9.19E*09 1.99 (9.T
99900 9.19E*09 ' 1.92 594
91900 9.196*09 1J9 904
19900 9.1tE*09 1.04 91.1
11(00 !.19E<09 2.10 (4.0
99900 9.1(E*0( 1.19 99.9
9(900 1.19E«0( 222 97.7
19900 1.I9E401 229 (9X
39900 1.19E*09 2J4 71.3
11900 1.15C«09 140 712
11(00 I.19E«09 149 7(.0
11900 1.15E*09 2.(2 US
19900 9.15E«» 1.99 79.9
99(00 9.15E*«9 2.94 (0.9
1(900 9.19E«0» 2.70 (2J
1(900 1.18E*M 1.79 94.1
39900 1.19E+09 2.92 99.0
19900 3.18E«1 2.99 07.(
19900 I.19C«09 2J4 (9.9
19900 1.19E+09 1X0 914

CALCULATIONS

W X 1-EWfX> V 2 \-CfprTt
0.000 -1.746-01 1.194 0.0008*00 0.174 0X09
0.000 -uie-01 1.141 uufroj 0221 0.754
0X00 -7X4C42 1X>9 I.1J-4E-01 0299 0.704
0.000 .1X76.02 1X39 9X95E42 0.917 0.994
OJJCO 1.70E-02 0.991 1J296-01 0.194 0.909
0.000 14(6-02 0.927 1.I8IE-01 0412 OX(0
0X00 1.126-01 0X74 1X9TE-01 04(0 OX1(
0.000 1XOE-01 0.921 2.11(6-01 0.907 0471
0.000 2X9E-01 0.7(9 1.94IE41 0X55 0412
0.000 2.55E-01 0.71 B 1.991E-01 0X01 0.194
0X00 3X1E-01 0.999 1.31IE-01 0.900 OJ59
0.000 9.91E-01 0.920 9X49E-01 0.((9 0.134
OMO 9.99E-01 0X71 9X74E-01 0.749 0292
0X00 4.4IE-01 0X39 4.909E-01 0.799 0.192
0.000 4X4E-01 04B( 4.(3(E-41 0.941 0.214
0.000 541E-01 0444 4J99C41 0.999 0209
0.000 (.(9&01 0409 (399E41 M3( 0.199
0X00 1J7E-01 OJ99 (X90E-01 0.994 0.194
0.000 IX4E-01 0.191 8411E-01 1.092 0.149
0X00 7.926-01 OJ01 (292E-01 1X79 0.127
0.000 7XOE41 0270 (.9246-01 1.127 0.111
0.000 (27E-01 0242 9.919E-01 1.179 0X97
0.000 9.79E-01 0219 729(E-01 1222 0X94
0X00 (21E41 0.1(2 7X17E-01 1270 0X72
0.000 9.706-01 0.170 7.949E-01 1.119 0.092
0X00 1,D2B*00 0.190 9279E-01 U« 0X99
0.000 1.07B*00 0.11} 9.111EJJ1 1411 0.041
0.000 I.HEtOO 0.110 9.942E-01 1491 0.019
0X00 1.1(E*00 0.101 9279E-01 1.901 0X91
QjOOO 12<E*QO 0X97 9.904E-01 1.999 0X29
0X00 12(E*00 0.079 (X19E-01 1.104 0.021
0X00 1,106*00 O.M9 1X1TE«00 1.9(1 0.020
0.000 1.19E*00 0X99 1.0IOC«00 1.»( 0.011
0X00 140E«00 OX4( 1.01JE«00 1.747 0X14
0.000 U9E4M 0.041 V1KEWO 1.7(4 0.011
0.000 149E440 0.019 1.1»E<00 1X42 0.009
0.000 1X4E400 0.029 1.1IJE-HM 1.9M 0X09
0X00 1.99E400 0.029 1.22iE<00 1.997 0X09
0X00 1.94E400 0X21 1^9(E<00 Ul» 0.00(
0.000 1.1>E«0 0.017 1J«E«0 2X99 0.004
0.000 1.79E«00 0.014 1.129C4W 2.000 0X01
0X00 1.7(E<00 0.011 1.9998*00 2.129 0.001
0X00 1.91E«00 0.010 UJ1E«0 1.179 0X02
0.000 1.9(B«00 0.009 1424E400 2J21 0X02
0X00 1.92E*00 0.007 14(71*00 2.271 0.001
0X00 1.97E-WO 0.009 14MB*00 2J19 0.001
0.000 2.02C*00 0.004 UJJE-KO 3J19 0X01
0X00 2.07E*00 0X01 1.99rE*00 2414 0X01
0X00 2.11E400 0X01 1JWBWO 14(2 0.000
0X00 2.19E4W 0X01 1.«»0«0 2X09 0.000
0X00 221E+00 0002 1 999E+00 2.997 0X00

OUTfUT
0(«4 WOO C|I,I| 909 0»«d|>,(g

lira/U rup/LI Imo/kaOCI llmaflraOOt
1X000 2390.00 729.00 99.00 1490.00
O.KM 2390.00 (9(40 99.00 1392.79
0.9200 1390.00 997.01 99X0 1114X2
0X799 2190.00 939.99 99X0 1271.99
0.9199 2190.00 (0(.90 (9.00 1111J9
0.7941 2190.00 979.70 99.00 1191.39
0.7914 2390.00 944.7( 99.00 1099X1
0.70(7 2190.00 911.94 91.00 1027.19
0.(((4 2190.00 411.11 99X0 (((.22
0.124! 2390.00 492.73 ((.00 90949
0.9912 1190X0 422.04 99.00 949.99
O.B429 2190.00 113.99 99.00 797.17
0.9019 2390.00 1(9.10 99.00 710.19
04(99 3130.00 33749 99X0 974J9
04299 2390X0 110.99 99.00 921.79
0.9939 23(0.00 299.34 99.00 970.99
0.3999 23(0.00 210.99 ».00 921 J1
0.9290 2390.00 237.79 99X0 470.99
0.2979 2190.00 219.99 99.00 411.77
07(91 2390.00 199.27 99.00 910X4
0.2427 2190.00 179.91 (9.00 391X3
0.2179 2350.00 1(7.97 (9.00 1K.94
0.1«49 2390.00 141.27 99X0 292.99
0.1719 1190.00 129.09 99.00 291.72
0.1941 2190.00 111.70 99.00 22340
0.1192 2390.00 99.74 99.00 19749
0.1 1tl 2390.00 99.99 99X0 173X0
0.1092 1)90.00 79.27 91.00 192.93
0X919 2190.00 K.91 99.00 133.2(
O.OWO 2190.00 (7.M 99.00 119.99
0.0(93 2190X0 90.29 99.00 100.(1
0.09(9 2190X0 43.99 11.00 11.71
0.0914 1150.00 17.10 (9.00 74.10
0.0441 19(0.00 11.94 99.00 91.99
0X179 2350.00 27.24 91.00 (447
0.0919 2990.00 29.13 99.00 ttlj
0X270 2190.00 19.97 99.00 19.14
0.0227 2190.00 1(49 99.00 31.97
0X191 2190.00 11.93 (9.00 27.U
0.01H 2190X0 11.99 99.00 29.11
0.0111 23(0.00 9.(1 99X0 19.22
0X110 2190.00 7.99 99.00 KJ9
0X091 2190.00 (.97 99.00 11.14
0X074 2190.00 940 99X0 10.90
0.0091 2150.00 442 91.00 9.93
0.0090 2190.00 l.(0 (9X0 7.20
0X040 2190X0 2.92 99.00 9X4
0.001] 2390.00 2.1( 99.00 4.72
0X029 2390.00 1.90 99X0 1.79
0X021 2390X0 1.92 99.00 1X4
0.0017 2380.00 1.21 99.00 242

INPUT

1 Ml 1 rttd v (m x fan)
0 OXOE+00 1X 904

10.0 1.19E409 1X UJ
20.0 9J1E*09 1.0 10X
10X 94CE409 IX MX
40.0 1.2(E<C9 1.0 10X
90.0 U9E*09 1.0 10X
(OX 1X9EM9 1.0 90X
70.0 2J1E*09 1.0 lOJ
(OX 2.92E-M9 1.0 10.5
90.0 2.MC409 1.0 10X

100.0 1.19E*09 1.0 10X
110.0 347E-H9 1.0 10.9
120.0 1.7(E*09 1.0 90X
190.0 4.10E*09 1X M.«
140.0 442e*0( IX 10X
190.0 4.79E«0( 1.0 90.9
1(0.0 9X9E409 1.0 90X
170.0 9J9E*09 1.0 30.9
1(0.0 9.(9Et09 IX 10X
190.0 l.ltfitOl 1.0 90X
200X 9J1E+09 1X 90.5
210.0 1.12E«! 1.0 10X
220X (.ME409 1.0 »X
230X 7.29E409 1.0 10.9
240.0 7.97EM1 1.0 10.9
290.0 7X(E*0( 1.0 90.9
2(OX (.20E109 (.0 30X
170.0 OJ1E*09 1.0 10X
290.0 OJ9E409 1X 90X
1M.O UK-MI 1.0 10,9
100.0 94(E*0( 1.0 10.9
110.0 9.79E409 IX 10J
120.0 1.01E-HO 1.0 10.9
190.0 1.04E«10 1.0 90X
940.0 1.07E»10 1.0 90X
9(0.0 1.10E«10 1.0 90X
KOX 1.14E410 IX 90X
970.0 1.17E«10 1.0 10.9
1(0.0 IJOEttO 1.0 10.9
190.0 U9E*10 1.0 10.9
400.0 1JIE*10 1.0 10.9
410.0 1.29E410 1.0 90X
420.0 UJE.10 1X 90X
410.0 1J(E*10 1.0 10X
440.0 1J1E«10 IX 90X
490X 142E*10 1.0 90X
490X 149E«10 IX 90X
470.0 149E«10 1X 90.9
490.0 1.S1E»10 1.0 90J
490.0 U!E»10 1.0 10X
(00.0 U(E«10 1X 10.1

CALCULATIONS

W 'X Î RFfX) Y Z 1-CRPffi
0X00 90IVAI OOMQI 9.920&01 9DIV/OI 1OIVJOI
0X00 24(E*00 0.001 (X20E-01 1.11T 0X00
0.000 i.roB*oo oxu 9X2oe-oi 1x94 0.009
0.000 UtE«09 0.099 9X20641 1X49 0.029
0X00 1.19E400 0.109 9X20*01 1.399 0.099
0X00 1XOE400' 0.197 (X20E-01 U4( 0X79
0X00 (X1E-01 OiOl 9J910E-01 1.1(0 0.101
0X00 (X4E-01 tjlt 9X20E-01 1X19 0.122
0.000 7J1E-01 OJOO 9.920E-01 1.044 0.140
0.000 1.71E-01 OJ41 9.920B-01 1X02 0.199
0X00 9J1E-01 0.1(0 0.920E41 0X99 0.171
0X00 9.79E41 04U 9.920E-01 0.940 0.194
0.000 5J1E-01 0449 9X20C-01 0.919 0.119
0.000 4X9B41 0491 «.»»E-01 OX9( OJO«
0.000 4.99C41 0X10 (X20E41 0X77 OJ1J
0.000 4JIE-01 0X99 9.120E-01 0.9(1 OJ29
0.000 4XOE-01 0.9(4 1JIOC-O1 0.949 OJ)1
0X00 9.99E-01 0X99 9.JJOE-01 OJJI 0.297
0.000 U1C-01 0.112 (X20E41 0X29 0.243
0X00 U7E-01 0X94 (X20E-01 0.919 0.249
0X00 1.KE41 0X59 9.920E-01 0.907 OJ94
0.000 1J7E-01 0.979 (X10E-01 0X00 OJU
0X00 2.79E-01 0X94 9X20E-01 0.799 0.292
0X00 l.(OE41 0.719 9.920E-01 0.797 0.2(1
0.000 2.44E-01 0.710 9X20E-01 0.7(2 0.2(1
0X00 2J9E-01 0.747 9.920B41 0.777 0.272
0X00 2.11E-01 0.7(4 9.920E41 0.779 0274
0X00 149M1 0.779 9X20E-01 0.799 0.277
0.000 1X4E-01 0.7(9 (X30E-01 0.7(9 0.179
0X00 t.71E-01 0X09 (X20E-01 0.7(2 07(1
0X00 UIE-01 0.121 9.920E-01 0.7(0 0291
0.000 149E-01 0X17 8J20E-01 0.797 02(4
0X00 1.3JE-01 0.990 9.920E-01 0.799 0.2((
0X00 125E-01 0.19) 9X20E-01 0.799 02(7
0X00 1.11E-01 0.171 (X20E-01 0.791 02((
0X00 9.97E-02 0.999 9.920E-01 0.790 0.299
0X00 9X1E-02 0.900 9.920E-01 0.749 0290
0.000 7X1E-02 0.911 9.920E-01 0.747 0.291
0.000 (X9S42 0X22 9.020E-01 0.74( 0291
0X00 MJE-02 O.(91 9X20E-01 0.749 0.2(2
0.000 4.99E42 0.944 5.520E-01 0.749 0.291
0X00 4X9E42 0.994 9X20E-01 0.744 0.291
0.000 1.17E41 0.9(4 9.920E-01 0.744 0299
0.000 229E-02 0X74 9X20E-01 0.749 0.299
0.000 144E-02 0X94 9X20E-01 0.741 0.291
0.000 (XtE-03 0.111 9X20E41 0.741 029]
0X00 -2.12E-01 1X02 9X20E-01 0.749 0299
0X00 'IXIC-Oi 1X11 9X20E-01 0.743 0.29}
0.000 -1.79E-M 1X20 9X20E-01 0.741 0299
0X00 -tftC-m 1.029 (X20E-01 0.749 0299
0X00 -941E-05 1X97 (X20E-01 0.744 0.291

OUTfUT
•M) wao ei«,t| sa> CIMU,II

(UOILI fuafU Ima/VaOCI Ifmfl/ttaOOl
9QVAI 2990.00 ODIV/OI 99.00 9OIV/OI
0.0009 2990.00 0.90 99.00 0.79
0.0197 2190.00 1141 99.00 22.01
0.0927 2990.00 99.19 99.00 79.17
0.0999 2300.00 71.97 99.00 141.94
0.1492 2190.00 109.00 99.00 212.00
0.1914 2190.00 1U.79 99.00 277.90
02112 2190.00 119.09 99.00 119.19
02719 2390.00 19(.(S (9.00 193.79
0.1019 21(0.00 222.24 99.00 444.47
0.1194 2990.00 249.37 99.00 490.7(
OJ1I8 2UO.OO »(.(2 99.00 999.09
0.9944 2190.00 299.91 19.00 OTI.d
041(9 2190X0 909.72 99.00 90744
04419 2190.00 120.19 (9.00 940.10
04(2( 21(0.00 999.99 (9.00 (70.70
04920 2WO.OO M949 99.00 999.90
O.(001 2990.00 9(2.97 (9.00 729.11
0.9170 2990X0 974X0 (9.00 749.91
0.9929 2190X0 39929 (9.00 772.90
0.947( 2390.00 199.99 99.00 791.99
0.9919 2390.00 407.09 99.00 914.13
0.9741 2190.00 4K.99 99,00 111.11
0.99(9 1190.00 429X2 99.00 091.01
0.91(( 2190.00 413.99 99.00 9(7.91
0.1017 1190.00 442.00 91.00 194.00
O.M01 2190.00 449.(0 (9.00 999.21
0.9101 2190.00 490.91 19.00 913.99
0.9391 2)90.00 413.70 M.OO 92740
O.MM 2190X0 470.24 99X0 940.49
0.1872 2390.00 47(49 99.00 9(2.99
0.9(94 2190.00 49249 99.00 994.90
0.1791 2190.00 499.K (9.00 979.10
0.9909 23(0.00 493.(1 99.00 99722
0.9991 2390X0 499.04 99.00 99I.((
O.(((0 2390.00 903.99 99.00 1007.71
0.7011 2190.00 601.57 (9.00 1017.14
0.7090 2390.00 91UO 99.00 1021.10
0.7141 2190.00 917.79 99.00 1039X0
0.7200 2390.00 (22.01 99.00 1044.07
0.7297 2190.00 826.15 99.00 1092.12
0.7312 21(0.00 910.14 99.00 109029
0.71(9 2190.00 939.99 19.00 1097.9!
0.7419 2190.00 8)7.61 99.00 1079.17
0.7499 2190.00 94127 (9.00 1093.93
0.7913 2990.00 944.79 99.00 10(949
0.7(90 2990.00 940.09 99.00 1099.19
0.7(04 2990X0 951 31 99.00 1102X4
0.7(4( 2990.00 994.49 99.00 1109.91
0.7(90 23(0.00 997.90 (9.00 1114.99
0.7710 21(0.00 9(0.49 99.00 1120.99
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Chemical Isolation Analysis for Specific Remediation Areas



Chemical Isolation Analysis for RA1
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Chemical (eolation Analytlt for RA1
PSRSuperfundSfto

94PUT

949M 1.19E449 OJO OJ
M5M 1.196449 OJ9 U
MBU 1.156449 0.12 1.7
MUO 1,186*01 0.14 OJ
M9M 3.156*01 OJ4 7J
MMO 3.186*01 OJO 9.1
MUO 3,166*01 OJ4 11J
MUO 3.156*08 041 11J
MMO 3.186*09 049 14.9
MMO 3.186*04 OJ4 14J
MUO 1,186*01 OJO 19J
MUO 1.196409 OJ4 20.1
MUO 1.186*09 0.71 21J
M900 3.186*01 0.79 UJ
M5M 1.196409 OJ4 2U
MMO 3.186*09 OJO 274
MUO 3.186*01 OJ9 2IJ
MUO 3.186*01 1J1 11.1
MUO 1.186*01 IJO ttJ
M9U 1.146449 1.14 M.7
MUO 1.186*01 IJO MJ
MMO 1.196*01 1J9 M4
M5M 1.166*01 1J2 40J
MMO 1.156*01 1J9 41.1
M5M 1.156409 144 41J
M5M 1.166*01 IJO 45.7
M9M 1.156449 1J9 474
M600 1.1SE4M 1J1 494
MMO 1.166449 1J9 51J
M5M 1.166*01 1.74 51J
14500 3.196*09 1JO MJ
MHO 1.186*01 1J9 M.7
M5M 1.156409 1J1 HJ
M900 1.156449 1M 904
MMO 1.186*01 1J4 42J
MMO 1.156449 1.10 MJ
MUO 1.156449 1.19 4U
MUO 1.166*01 2J3 97.7
MUO 3.186*01 2J9 49.5
MUO 1.186*01 2J4 71 J
14800 I.19E449 240 79J
MUO 1.156449 149 7BJ
MHO 1.156449 1J1 79J
MUO 1.156449 244 79.4
MUO 1.106449 1J4 UJ5
MUO 1.156449 1.70 92J
MUO 1.156449 1.74 M.I
M9H 1.156449 1J1 MJ
MUO 1.156441 1J> 97J
MUO 1.156441 1J4 M4
M5M 1.156409 IJO 914

CALCULATIONS

W X 1-EfVtn Y 2 t4*ltHZ)
OJU -1.746-01 1.1M OJOOE440 0.174 O.OM
OJU -1J46-01 1.141 1J126-01 OJ21 0.7M
OJW -7346-03 1J9» 4424642 OJM 0.704
OJOO .1476-01 1JM 14)56-02 OJ17 OJM
OJH 1.70E-03 O.M1 1J258-01 OJM 0.4M
OJOO 4446-02 OJ27 13846-01 0412 OJM
OJM 1.12641 OJ74 134TE-O1 04U OJ14
OJM 1406-01 0.921 2J19B41 9J07 0471
OJM 2J4E-91 0.749 1.4446-01 OJU 0412
OJU 1856-01 0.714 13416-01 040) OJM
OJM 1J36-01 0.4M 3412E-01 04U OJU
OJU 3316-01 0.4M 34416-01 04*9 OJ24
OJH 1.446-01 0471 1.974E-01 0.744 OJ92
OJM 444C-41 OJ29 4J04E-01 0.741 OJ41
OJU 4J46-01 04H 4.4ME-01 OJ41 OJM
OJOO 941E-01 0444 4348E-O1 OJM OJM
0.000 OJfE-01 0409 9JHE-01 OJM 0.199
OJH 4476-01 OJU 6.4306-01 OJM 0.1M
OJOO 9J4E-01 0413 9.MIE-01 1J11 O.U9
OJM 7J2E-01 OJ41 4JCE-01 1J79 0.127
0.000 7JOE-01 OJ70 43246-01 1.117 0.111
OJM 4J7E-01 OJ42 4JUE-41 1.179 OJ97
OJH 0.75E-01 OJU 7JMC-01 1J22 OJM
OJU 9J1E-01 0.192 7.4176-01 1J70 0.072
0.000 1.706-01 0.170 7.9448-01 1418 OJ42
0.000 142E440 0.1U 4J796-01 1J45 OJ51
OJH 1J7E400 0.112 4.1116-01 1411 OJ49
OJOO 1.116*00 0.119 9J42E-01 1441 OJM
0.000 1.146*00 0.101 9J71E-41 1JM OJU
OJU 1J1E4M OJ97 9.4046-01 14M OJU
OJOO 1J4E400 OJ74 44186-01 1JM OJU
OJU 1406*00 OJM 1J27E440 1J81 OJ20
OJU 1J6C4M O.OM 1JME440 1JH OJ14
OJM 1406440 O.M9 1J916400 1.747 OJW
OJM 14564M OJ41 1.124E4U 1.7M OJ11
0.000 149E440 OJU 1.1516440 1J42 OJW
OJM 1.646*00 OJ» 1.192E440 1JM OJM
OJH 1.616*00 O.OM 1J24E4U 1J17 OJM
OJM 1446*00 OJ21 1JME440 1JU OJ05
0.000 1J9E440 OJU 1J92E4M 1JU OJM
OJM 1.71E440 OJM 14296*00 2JM OJ01
OJM 1.70E400 OJ12 1J59E440 2.129 OJOJ
OJH 1J1E440 0.010 14116*00 2.179 OJ02
OJU 1J9E400 0.009 14246*00 2JU OJ02
0.000 1J2E440 0.007 14976*00 2J71 OJ01
OJU 1.97E440 OJM 1490E4M 2J19 OJ01
OJOO 2J2E440 OJM 1.6256*00 2J44 OJ01
OJOO 1J7E440 0.001 1.6676*00 1414 OJ01
OJOO 111E440 0401 1JME4H 1412 OJU
OJOO 2.146440 OJ02 1.4UE4M 2.509 OJH
0000 2J1E400 OJ02 1.49*6*00 1497 OJH

OUTPUT
•tiff W4M COM) «0* CMdHjq

MU higU fffoylaoei IfmtftoOCl
1JOU UUJO 7UJO HJO 14UJO
OJ909 UMJO 4M40 HJO 1112.79
042M UUJO 997J1 MJO 11MJ2
047M UUJO 4KJ9 HJO 1171JO
OJM9 21UJO MOJO MJO 121249
0.7M1 MMJO 979.70 MJO 1151J9
0.79M 2MOJO 944.74 MJO 10HJ1
0.7097 21UJO 81144 MJO 1027J4
OJM4 21UJO 441.11 MJO M4J2
OJ249 UMJO 491.71 MJO 90941
0.5442 UUJO 422J4 MJO 04949
OJM29 UUJO HIM MJO 797.17
OJOM UUJO M9.10 HJO 710.19
044U UUJO U744 HJO 474J9
042M 2HOJO 110J4 MJO 421.75
OJ9M 29UJO 2UJ4 MJO 570.44
OJM9 21UJO 240.44 HJO 921J1
OJ2H 21UJO U7.79 MJO 47SJ9
OJ970 UU.U 215J9 MJO 411.77
OJM! UU.U 1MJ7 MOO 1H44
OJ427 UUJO 17934 HJO 19141
OJ179 2480.00 157J7 HJO 31634
0.1M9 UU.H M1J7 M.OO 292J5
0.17M UUJO 125J4 M.OO 251.72
0.1M1 21UJO 111.70 MOO 22140
0.1M2 24MJO H.74 MJO 19749
0.11H 21MJO MM MJO 171JO
0.1001 IJMJO 7927 M.OO 191J1
OJ919 21UJO 9449 MJO 1UJ4
0.0400 21U.U 97J4 HJO 119M
OJH1 21UJO UJ9 MJO 1M41
OJBM IJMJO 4146 MOO M.74
OJ9U UUJO 1740 MJO 7440
0.0441 UU.W 1144 HJO «1J9
OJ174 UMJO 27J4 MJO M47
OJ311 IJMJO U.11 M.OO 44J7
OJ170 UUJO 1417 MJO 19.14
OJ227 UU.U 1949 MJO 3237
OJ191 2490JO 11.93 M.M 2749
OJ191 2390.00 1146 HJO U.11
OJ111 UUJO 9.91 HJO 19J2
0.0110 11UJO 7J4 M.OO 1631
OJM1 UUJO 4.57 HJO 11. M
OJ074 UU.H 540 HJO 1030
0.0011 UU.H 442 MJO 4J9
OJOU 21UJO 140 H.M 7JO
OJ040 UUJO 232 MJO 5J4
OJOU UU.U 1J9 MJO 4.71
0.0024 21UJO IJO MOO 1.7)
OJ021 UMJO 142 MM l.M
OJ017 JJMOO 121 MJO 241

94PUT

IfjO Ifncl Xffll_ XfOAl
0 OJOE*M U 41J

10J 1.186*04 tO 11J
20J 04.1E449 2J 91J
MJ 449E4M U 91J
40J 1J9E4M tO 41J
UJ 14464M tO 91J
UJ 1J9C449 2J 91J
70J tl16*0l tO 41J
UJ 1426449 tO 914
MJ 194E4M 1J 414

100.0 1.156409 2J 414
110J 1476*01 to 414
1MJ 1.79E449 U 91 J
1UJ 4.106*09 1J 414
WOJ 441E*H 2J 41J
1UJ 4.716*09 2J 41J
1UJ 9456449 2-0 41J
1704 4J4E4M 2J 414
1M4 8J9E409 24 91.0
1M4 5J9E449 24 914
2MJ 9J1E4M 2J 41J
210J 9J2E4M 1J 41J
220J 4J4E4M 2J 41J
UOJ 7J5644) tO 414
2404 7.876*01 tO 41J
2UJ 7J9E44) 24 414
140.0 4JOE4M 2J 41J
270J 441E4M U 41J
2UJ 4316*01 24 414
2MJ 4.166*01 14 914
HOJ 949644) 14 914
1104 9.79E4M 14 91J
HOJ 1.016*10 14 114
1W.O 1446*10 1J 914
M04 1.076*10 2J 11J
MOJ 1.106*10 24 414
MOJO 1.146410 1J 414
1704 1.176410 14 414
IU4 1JOE410 24 414
M04 1JK+10 14 414
400J 1J46410 24 414
4104 1J9E410 14 414
4204 1J26+10 U 91J
4UJ 1J46»10 tO 41J
440J 1J9O10 2J 91J
4UJ 1426*10 14 914
4UJ 1456*10 10 41J
470J 1496*10 U 41J
440.0 1416440 24 414
4U4 1496*10 10 914
9HJ 1496*10 U 91J

CALCULATIONS

OJOO iEMOl 4OJMOJ. 1.1046440 9DVW ITXMN
OJU 4376*00 OJU 1.1046*00 5479 OJM
OJU 1446*00 OJM 1.1046400 1491 OJH
OJH 2416440 OJOO 1.1046*00 19M OJOO
OJH 2406*00 OJ01 1.1046*00 1422 OJOO
OJH 1126440 OJOJ 1.104E4H 1J79 OJ01
OJM 142C4U 0407 1.1046*00 11M 0402
OJM 1.756*00 OJ11 1.1046*00 2J44 OJM
OJH 1326*00 OJU 1.1046*00 1312 OJM
OJH 1916*00 OJU 1.1046440 1440 OJM
OJM 14264H OJ49 1.1046*00 1.741 OJ11
OJH 1436*00 OJU 1.1046*00 1J97 OJU
0400 1J9C4M 0479 1.1046400 1J41 0420
OJOO 1J064M OJ91 1.1046440 1492 0424
OJM 1.146400 0.104 1.1046*00 1.944 OJ29
OJOO 14964M 0.129 1.1046*00 1J10 OJU
OJM 14464M 0.141 1.1046*00 1474 OJJ7
OJM 1326-01 0.191 1.1046*00 1445 OJ41
OJOO 1316-01 0.179 1.1046*00 1417 OJ49
OJH 9.11E-01 0.197 1.104E4M 1J92 9M9
OJOO 4.T9E-01 OJW 1.1046*00 1J49 0.051
OJM 445641 OJU 1.104E440 1J49 OJ9T
OJOO 1.146-01 OJU 1.1046*00 1321 OJM
OJM 7346-01 OJ47 1.1046*00 1311 OJM
OJM 7.576-01 OJM 1.1046*00 1J99 OJ97
OJU 7406-01 0401 1.1046*00 1JM 0470
OJM 7496-01 OJ19 1.1046*00 1J45 OJ74
OJM 4J2E-01 0319 1.1046440 1J92 0477
OJM 1.646-01 OJ91 1.1046*00 1J40 0.079
OJOO 9J7B41 OJ47 1.1046*00 1421 OJ92
OJH 1.146-01 OJN 1.1046*00 1J19 OJU
OJM 4376-01 OJM 1.1046*00 1JU OJM
OJM 5.796-01 04M 1.1046*00 1.1H OJH
OJU 6.696-01 0419 1.1046*00 1.1M 0492
OJM 8416-01 0444 1.1046*00 1.192 OJM
OJOO 5J4E-01 04H 1.1046*00 1.174 Ojn
OJH 4J9B41 04H 1.1ME4M 1.147 OJM
OJH 432E-01 0497 1.1046*00 1.140 0.101
OJOO 4.746-01 OJM 1.1046*00 1.154 0.101
OJOO 4326-01 OJU 1.1946440 1.149 0.1M
OJM 4476-01 0427 1.194E440 1.142 0.1M
OJU 4416-01 0440 1.1046*00 1.114 0.1M
OJH 4.146-01 0.951 1.1046440 1.111 0.110
OJH 4,046-01 04M 1.1046440 1.124 0.111
OJOO 3346-01 0474 1.1046400 1.121 0.111
0.000 1416-01 OJM 1.1046440 1.117 0.114
OJU 1396-01 0.403 1.1046*00 1.111 0.119
OJOO 1446-01 0.4W 1.1046*00 1.1M 0.117
OJOO 149641 0321 1,1046*00 1,104 0.114
OJH 1346-01 0.417 1.1046400 1.102 0.114
OJH 1J2E-01 OM9 1,1046*00 14M 0.120

OUTPUT
•(I/) «MC CpU) tttO C1MIMI

90MDI UMJO OWWOI M.OO 4DVfll
OJOM UMJO OJO HJO OJO
OJUO UMJO OJO MJO 040
OJU1 UMJO OJO HJO 0.10
OJ007 UUJO 047 MJO 039
OJOU UUJ9 144 MOO 1.41
OJOM UMJO 441 HJO 1J3
OJ124 UMJO 941 HJO 1741
OJ2M UMJO 14J1 M.OO 2932
OJU4 UUJO 21JO MOO 44J1
OJ414 2480.00 1040 HJO MJO
0.0944 21UJO 1947 H.M 7134
OJ4M 1150.00 49J1 HJO H41
0.0122 2HOJO 9931 HJO 119J4
04M9 UUJO 70J1 MJO 140.41
0.1114 UMJO 91.11 MJO 19121
0.1270 UUJO 9248 M.OO 194.11
0.1421 21U40 10141 MOO 2MM
0.1572 2HOJO 111.98 M.OO 22741
0.1721 UMJO 1M.79 MJO M937
0.1919 UMJO 11541 H.M 17049
OJOU 21MM 149.04 H.U 292.M
OJ197 UMJO 1U41 HJO 11232
9J2M UMJO 144.94 HJO 311.17
OJ419 2IU.H 174.95 MOO 151.10
OJ670 21UJO 11141 MOO 172.11
OJ701 UUJO 195.M M.OO M1.49
OJ910 UMJO 209.14 MJO 41041
OJ999 2JM.OO 114J5 M.M 42941
04074 UMJO 1U.11 M.M 444J4
04197 UH4B U1.7) MJO 444.44
OJ114 UUJO MOJ4 HJO 4M47
OJ427 UMJO 14147 MOO 4M49
0.3541 21U.M 25441 M.OO 611.01
OJM9 21UJO 2MJ4 M.OO 929.49
OJ791 UUJO 17137 HJO 94140
OJOM UU40 2T941 M.OO U944
04154 UUJO 2M49 HJO 87341
04051 IJMJO 291.79 HJO 89741
94147 UU.U 40044 HJO M143
04140 UMJO 10740 MJO 11430
04411 UUJO 111.47 H40 92744
94419 UUJO 12039 MOO 940.74
94909 2480.00 32444 MJO 451JI
049M UUJO 112.74 MJO M54)
04972 UUJO 149.71 MOO 97741
04781 UUJO M441 HJO 44940
04910 UUJO UOJ1 MJO 70042
04907 UUJO 985.71 MJO 71141
04992 UUJO M1.11 M.OO 72241
04055 UUJO M444 M.OO 71139

C4ta*M CndpJ) K 4MM b»«c to tUUn c
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Chemical (eolation Analysts for RA2a and RA3<
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Chtmlcal Isolation Analysis for RA2a and RAJ
PSRSupcrfundSKa

M*UT

Ifdprt Iteci xflTJ _x(aio
M9M 9.19E409 0.00 OJ
999M I.i5e«» OJ9 1*
looo 1.1S6+M 0.12 9.7
909U 1.19E+M 0.11 9J
999U 9.19E409 CM 72
MUO 1.19E409 OJO 1.1
999U 1.19E409 020 iu
MUO ).19E«09 041 in
1000 i.i9e<o9 040 u.i
KWO 9.19E409 OM 1U
999M 9.19E«M ojo 192
moo 9.i9E*09 OJM ».1
MOD 9.19E409 O.n I1J
nm ).i9e*n o.n 29J
WHO I.19E409 OM at
909H 9.19E409 OJO Tit
WHO 1.19E409 OM 212
M900 9.19E409 1J2 11.1
WHO 9.I9E4M 1.00 12J
MSOO 9.19E409 1.W M.T
M900 >. 186*09 120 U.I
MUO l.1te*» 129 M4
WHO 1.1S6-W9 122 402
WHO 9.19E409 120 42.1
WHO 1.1S6*0» 144 4IJ
M900 1.19E409 1JU 497
WHO 1.186*01 1J» 47 J
WHO 9.19E+M 1.99 Hi
WHO >.19E«9 1J« 012
WHO 1.19E409 1.T4 99.0
WHO 9.19E409 1JO HJ
WHO >.1SE*W 1Jt H.T
WHO V19C409 Ml Mi
WHO 9.19E«09 1J< U4
WHO 1.19E+M 1J4 922
WHO 1.18E409 1.10 144
WHO 9.19C409 2.11 99J
wuo 1.19E«09 tit 97.7
WHO 9.19E409 IM 99J)
WUO 9.19E+H 224 712
WHO 9.19C+H 140 7)2
WUO 9.19E+09 141 79J
wuo i.ise*a iii nj
WUO 9.19E409 UO 7<J
WUO 9.19E409 2J4 OOJ
WUO 1.156*0» 1.70 922
WUO 1.19E*M 1.71 M.1
wuo i.ieewt 222 no
WHO 9.19E409 2J9 97J
WUO 9.19E409 1J4 Ml
ItSOO ).19E409 100 t14

Haiti: AdvMfmiEquriMB'29.aud«
NOUI: raru îdCMOJinMOdbtfci

CALCULATIONS

W X 1*ERP0Q V Z l-fT2)
OJM -1.74E-01 1.1M OJOae+QO 0.174 0.009
OJJOO -129C-01 1.141 9212&02 0221 0.704
0.000 -7JXB-02 IjOOO IJtME-02 02U 0.701
am -1J7E-02 ijou uase-oj 0217 OJM
OJOO 1.706-02 O.M1 1229E-01 OJ«4 OJM
0X00 949E-02 0.927 1J992-01 0412 O.UO
OJOO 1.11&01 OJ74 1J97E-01 94U OJ1I
OJOO 1JOE-01 OJ11 2219E-01 OJ07 047)
OJOO 2J9B01 O.Tf* 2JM9E-01 OJM 0412
OJOO 2.586-01 0.71* 1J91E-01 0.90) 0294
OJOO >J3e-01 OJM 1212E-01 O.UO OJM
OJOO 9JME-01 OJM 9J49E-01 O.We 02M
OJOOO 9JOE-01 OJ7I 9J74E-01 0.749 0212
OJOO 44CB41 OJM 4JOU»I1 O.Ttt OX
OJOO 4J4B«1 040» 4JWB41 O.M1 OJM
OJOO «41B«1 0444 4JOM1 OJ» OJCrt
ojoo >J*E41 040> e^nfroi OJM O.IOB
ojoo ure-01 ojoo ».ooe-oi O.IM O.IM
OJOO <J<B«1 OJU 8.M1B-01 1.032 0.149
OJOO 7J2E-01 OJ01 IJKE-01 1J07< 0.127
OJOO TJOM1 Om IJMC41 1.127 0.111
ojog tsmm taa i»we-oi vi7t tan
OJOO l.TSE-01 OJtl 7JMB-OI 122 0.004
OJOO IJJtCI O.IM 7J17E-01 1270 OJ72
OJOO I.70B41 0.170 TJ4O-01 1J1< OJt2
OJOO 1J5E«0 0.1U U71E-01 1JW OJ99
0.000 1JTE400 0.1)2 >J1ie-01 141) 0.04C
OJOO 1.11C400 0.119 IJ4JE-01 1*41 OJM
OJOO 1.1CMO 0.101 tJ7JE-01 1JM OJU
OJOO 121E400 0.017 M04C-01 1JM OJM
OJOO 1J«E«00 OJ7< I.«M£-01 1J04 0.021
OJOO 1JOE400 0.04J 1J27E400 1J91 OJ20
ojoo iJSEtco O.OM ijne«n Mm oj»
OJOO 140E400 OMO 1JI1EMO 1.747 0.014
OJM 14tE«00 OJ41 1.1ME«0 1.7M 0.011
OJOO 14IC<00 OJM 1.19C400 1.H2 0.001
OJOO 1J4E400 OJ2I 1.1«2E<00 1JM OJM
O.OM 1JIC40D O.OM 1220E<00 1J)7 O.OM
OJOO 1J4E400 OJ21 1J90E-MO 1.«M OJ09
OJOO 1Jte<00 OJ17 1JtJE«0 I.OU 0.004
OJOO 1.7M«0 OJ14 1J29E400 2JOO OJO)
OJOO 1.706400 0.012 1J99C-IOO 2.1» OJO)
O.OM 1JJE-WO 0.010 1JJ1&100 2.171 OJ02
0.000 1JOE400 OJOI 1424E-MO 1229 0.002
OJOO 1J2E400 OJ07 1497&IOO U71 OJOI
OJOO 1JTE«00 O.OM 14IOE400 1J1( OJOI
OJOO U2E400 OJ04 1J2X400 IMt 0.001
OJOO 2J7E400 OJO) 1J97E100 2414 OJ01
0.000 I.11E-MX OJOI 1JMC4M 24t2 0.000
0.000 2.1CE400 0.002 1J2K400 2JM OJH

MftrSuMqMouiOndgMIIMiiWCipplno. CoMMamnbyitl

OUTPUT

•M HOC C(I4 *°* |,**!*SS

1JOOO 2UOJO 729JO MJO 14UJO
OM09 2UOJO tHM MJO 1U2.7I
OJ200 2HOJO M7J1 MJO 11MJ2
OJ7M DUJO CMJ9 HJO 1271JI
OJW9 DM.00 U«JO MJO 1212J1
0.7M1 DMJO 979.70 MJO 1181 Jl
0.7914 DUJO 944.71 MJO 10MJ1
0.7087 U90JO 9DJ4 M.M 1027J8
OJM4 2)90 JO WJ.11 MJO MI.22
OJ949 DMM 4J2.7J HJO M94<
Ojm 1190JO 422.94 MOO 949JO
OJ42I 2190JO 1DJ8 M.OO 7t7.17
OJJOM DUJO W9.10 MJO M0.1t
0X99 2)50.00 1)749 MJO 974J9
042M 2100JO )10.M MJO 921.70
OJtM 21UJO 2MJ4 HJO 970.M
OJ9» Z1UJO 2MJt MJO 921J1
OJ200 21UJO 2)7.7> MJO 479J9
OJ570 2100JO 219J9 HJO 4)1.77
9J6>) 13X00 1M27 MOO UOJ4
04427 2990JO 179J9 HJO M1J)
02171 2160.00 197.97 MJO 119J4
0.1MI 2UOJO 14127 HJO 202J9
0.17U DUJO 129J9 HJO 291.72
0.1941 29UJO 111.70 HJO 22940
0.1W2 2)50.00 M.74 HJO 1f74l
0.11H 21U.OO M.M H.OO 17)JO
0.109] DUJO 7927 HJO 1924)
OJI1I 2UOJO Mil MJO 19)29
OJOOO J330.00 97.M MJO 119J9
OJM) 2990JO U29 MJO 100.81
OJ9M 2990JO 4)J9 HJO M.79
OMU U90JO J7JO HJO 74M
OJ441 29UJO 91.94 HJO 99.M
OJ979 29U.OO 2724 HJO 9447
OJ919 29UJO D.19 HJO 4927
04)270 DUJO 1IJ7 HJO 91.14
OJ227 29UJO 1949 HJO 12J7
OJ191 29U.OO 19J9 HJO 27J9
OJ199 DUJO 11J9 HJO D.11
OJ199 DUJO 9J1 MJO 1122
OJ110 DUJO 7.M MJO 19J9
OJMt DUJO 9.97 MJO 11."
OJOT4 2MOM 940 MJO 10JQ
OJM1 29UJO 442 MJO 9J9
O.OOU 2IUJO 9.U HJO 720
OJ040 21UJO JJ2 HJO 9J4
OJ099 DUJO 2J9 HJO 4.72
OJ029 2UOJO 1.U HJO 1.71
OJ021 29UJO 1J2 HJO 9J4
OJ017 DUJO 121 MJO 242

dor « pimtr dm u drtrBM if Mn

N>UT

IM1 Itec) ifln Kfcno
o oj»e«o uj 9u

10J 9.19E400 2J 91J
20J 9J1E400 2J 91J
90J 949&MO 2J 91J
40J 129E«09 2J 01J
UJ IJIOM 2J 91J
90J 1JIE«Ot 2J 91J
TOJ 121E4M 2.0 91J
MJ 2J2E«0> 1J 91J
MJ «*E«H U 91J

100J 1.19E-I49 2J) 91J
110J 947E-K9 2J 91 J
110 J 1.7IE409 2J 91 J
1WJ 4.10&M9 UJ 91J
MOJ 442E«M 1J 41J
1HJ 4.71E-40) 24 91J
ttOJ 9J9E«M 2J 91J
170J 9J4E409 1J 91J
1MJ 9J9E409 2JO 91J
1MJ 9JIC«a 2-0 91 J
200 J 9J1E409 2J 91 J
210J 9J2E409 2J> 01J
220J 9J4E401 2JJ 91J
29tJ 729E4M 2J 91J
240J 7J7E«Ot 2J 91J
290J 7JOE«a 2J 91J
190J 92tE«09 2J 91J
270J OJ1E«0» 1J 91J
190 J (JOE-MS JJ) 91 J
2MJ t.19E-M9 2J 91J
900J 94CE409 2J 91J
910J 9.7IC409 2JJ 91J
9»J 1J1E*10 2J 91J
990J 1J4C-MO 2J 91J
MOJ 1J7E»10 2J 91J
9UJ 1.10E»10 2J 91J
MOJ 1.14E+10 U 91J
170J 1.1TE»10 2J 91J
990J 120E-MO 2J 91J
MOJ 12)6*10 2J 91J
400J 129E410 2J 91J
410J 129E+10 2.0 91J
420J 1J2E+10 2J 91J
410.0 1Jte«W 2J 91J
440J 12IE*10 2J 91J
490.0 142E*10 2J 91J
490J 149E-MO 2J 91J
470J 14«E»10 1J I1J
490J 1J1E+10 2J 91J
490J 1JHe»tO 2J 91J
900J 1J9E-HO 2J 91J

CALCULATnNS

W X mtfflp Y Z VERfffi
OJOO lOH/U tOHm 1.104E40J iCWAI «VW
OJXXJ 4J7E-MO OJW 1.104E400 OJTt OJOO
OJOO 149CMO OJOO V10*E«M 1.991 OJOO
OJM 1J1CMO OJOO 1.104E<00 2.M9 0.000
OJM uoetoo ojoi i.io4e«o 2jm ojoo
OJOO 2.12E-MO 0.001 1.104E400 2270 OJ01
OJOO 1.I2E400 OJ07 1.104E400 MM 0.002
OJU 1.79E400 OJ1) 1.104E400 1JU OJM
OJOO 1J2E«M OJ22 1.10C-MO 1J)2 OJM
OJOO 1JI1E100 OJ91 1.10tE«OJ 1JU OJH
OJH 142E400 OJIO 1.104E400 1.7M OJt)
OJM 1.99E400 OJM 1.104E4QO 1JV7 0.019
OJOO 12CE400 OJ79 1.104E-MO 1.941 OJ20
OJOO 120B>00 OJ11 1.104E«00 1JI2 OJM
OJOO 1.14E-MO O.IM 1.104E400 1J49 OJM
OJH 1JK400 0.1M 1.104E4M 1J10 OJU
OJH 1JXe«0 0.14) 1.104C«00 1479 OJ17
OJU IJ2S01 0.191 1.104E400 1449 OJMI
OJOO U1E-01 0.171 1.104E400 1417 OJ40
OJOO 9.11E-01 0.197 1.104E400 1JI2 OJM
OJOO 9.79H1 0214 1.104E-MO \Mt OJU
OJM 1486-01 0292 1.104E4U 1JU O.M7
OJOO «. 146-01 02H 1.104E400 12M OJH
OJOO 7ME-01 0297 1.10IE400 1J11 OJM
OJH 7J7E-01 02U 1.104E4U 12M 0.097
OJJOO TJOE-01 OJ02 1.10*6*00 12H 0.070
OJH 7J9E-01 OJ19 1.104E*00 1290 OJ74
OJOO 9J2E-01 OJM 1.1046*00 1292 OJTT
OJH 9J9C-01 OJ91 1.1046*00 1240 OJ79
OJOO 9JTE41 OJ47 1.1046*00 12H OJOI
OJU 9.1CE-01 OJtl 1.104E-MO 1219 OJH
OJU 9J7E-01 OJH 1.1046*00 12M OJM
OJJOO S.TI6-01 0414 t.104E«00 1.1H OJH
OJJOO 9JUB01 0429 1.104E4U 1.1H OJtl
OJH 941E41 0444 1.1046*00 1.192 0.099
OJOO 8J4E-01 04U I.104C«00 1.174 OJI7
OJOO 9J9&01 04n 1.104E400 1.197 OJH
OJH 4J2E-01 0497 1.104E*0» 1.110 0.101
OJJOO 4.79B41 OJU 1.1046*00 1.194 0.109
OJOO 4JOC-01 OJU 1.104E4H 1.149 0.109
OJOO 447&01 OJ27 1.10*6*00 1.142 0.1M
OJOO 4436-01 OJU 1.10*6*00 1.1M 0.109
OJOO 4.19M1 OJU) 1.10*6*00 1.191 0.110
OJM 4JIE41 OMO 1.1046*W 1.119 0.111
OJOO lJOe-01 OJ179 1.10*6*00 1.122 0.111
OJJOO 1916-01 OJM 1.10*6*00 1.117 0.114
OJH U9E-01 OJH2 1.10*6*00 1.119 0.119
OJJOO 1J39E-01 OJW 1.104E-WO 1.101 0.117
OJH 949C-01 OJH 1.1ME4U MM 0.119
OJJOO 1JUE-01 OJ97 1.104C400 1.102 0.119
OJU 921C-01 0.949 1.104E400 1.0M 0.120

OUTPUT
•|U) »ICJO C|W) tQt C»*t«J»

lutfLI fua/1.1 IniaimOCI ItmafkaOCl
tONOt 29UJO KHKI HJO mv/OI
OJOOO 2380.00 OJO HJO OJO
0,0000 DUJO OJO MJO OJO
OJJ001 29HJO OJ9 MJO 0.10
OJH7 2JHJO 047 MJO OJH
OJ029 29HJO 1J4 MOO ).M
0.0094 DUJO 4.91 MJO 929
OJ124 21UJO 9.M HJO 17J1
OJ2M 2DHJO 14J1 H.H 29J2
OJ904 DUJO 22JO MJO 44JM
OJ419 2380.00 10.10 HJO H.U
OJ944 29UJ9 9947 MJO 79.94
OJMO 2J80JJO 49.91 HJO MJ1
OJ922 2UOJO 9IJ2 MJO 11924
OJM9 29UJO 7029 MJO 140.92
0.1119 DUJO 11.11 MJO 1(221
0.1270 29UJO 92J9 MJO 194.11
0.1421 23SOJJO 109.02 MJO 209J4
0.1972 DUJO 119.M M.OO 22TJ9
0.1721 2380.00 124.70 HJO M9J7
0.19M 2350.00 19949 M.U 2TO.M
02014 2MOJO 149.04 HJO M2JI
02197 29UJO 1U41 MJO 912J2
022M 29UJO 1UJ9 HJO 1)9.17
02499 2350.00 179JI9 HJO 151.10
02970 DHJO 1MJ1 HJO 972.91
02701 29UJO 199.M H.H 991J9
02930 DUJO 2M.19 HJO 41022
029H 29UJO 21429 M.OO 429J1
0.9079 2MO.H 2D.1) MJO 44121
OJ1t7 DHJO 2)1.79 MJO 49U9
02414 29HJO 24024 MJO 4U47
02427 DUJO M947 HJO 4M.99
02999 DUJO 2MJ1 HJO 919.01
02949 29UJO 19424 HJO 919.M
02791 29UJO 271417 MOO 949.H
02994 DUJO 27942 H.H 999J4
92994 2390JJO 2M.M M.OO Onj9
04092 DHJO 29).79 HJO U7J2
04147 2290 JO 300 U M.OO 90129
04140 2)5000 90740 MOO 9V4JO
04331 215000 919J7 MOO 917.M
04419 2350JJO 120J« MJO 940.79
04909 1350JM 929.94 MJO 99929
049U Z3M.OO 142.7* MJO 99949
04972 29UJO 9M.71 MOO 97741
04792 2350JJO 144J9 HJO M9.M
049W DHJO 9U21 HJO 70042
04997 DUJO 38871 MOO 711.81
94992 DUJO 991.19 M.OO 72129
OJSOM 2190.00 99949 H.H 732.M

(W c« MMJdI - 0.8ct»Jdur9 11/1/7002



Chemical Isolation Analysis far RA2fa
PSR Superfund Site
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Chomlcal (eolation Analysli for RA2b
PSR Suporfund Site

WPUT

IMvyl tfttcl xttl xfom
KMO ).19G*09 040 OjO
HMO 1.1(6*0* 04* 14
MMO 3.181*09 0.11 1.7
KMO 1.19C40* 0.11 (4
KMO i.ise*ot OM 74
moo 1.1*6*0* 040 «.1
HMO 1.19640* OJ4 114
HMO 1.106*0* 042 114
KMO 1.19E4O* 040 144
KMO 1.196*0* OJB4 1*4
UMO i.iie*o* O.M 114
MUG 1.196*0* OM 20.1
HMO 1.156409 0.71 114
MMO 1.196401 O.n 131
HMO 1 196*0* 044 IB 1
HMO 1.196*0* 040 274
HMO 1.196*01 041 aj
HMO 1.196*09 \sa it.t
MMO 9.1(640* 140 O4
HMO 1.156*09 1.14 M.7
KMO «.1ie«09 140 H4
HMO 1.116*0* 14* U4
HMO 1.196*0* 142 40.2
HMO 1.1(6*0* 141 42.1
UMO 1.196*0* 144 414
HMO 1.196*0* 140 41.7
HMO 1.106+0* 14< 474
HMO 1.15640* 142 4*4
MUO 1.1(6+0* 141 014
UMO 1.196*0* 1.74 U.O
HMO 1.156«0( 140 M4
HMO 1.196*0* 141 U.7
HMO 1.156+0) 142 M4
UMO 1.1(6+0* 14* ten
KMO 1.196+09 244 (14
UMO 1.196+09 2.10 M4
KMO 1.196+09 2.1< M4
UMO 1.196+01 121 17.7
HMO 1.196+0* 24* at
UMO 1.156+09 244 714
UMO 1.196+09 240 714
HMO 1.196*0* 24* 7>4
HMD 1.1(640* 241 714
UMO 1.156*09 240 714
UMO 1.156*09 244 M4
UMO 1.156*09 2.70 124
UMO 1.156*09 2.7( 04.1
UMO 1.196*09 241 H4
UMO 1.156*09 24B 074
UMO 1.116+M 144 0(4
UMO 1.156*09 140 114

CALCULATIONS

W X 4-6NFOO Y Z l-ERKZl
0400 -1.74641 1.1M 04006400 0.174 0406
0.000 -14*6-01 1.141 1412E-02 0421 0.754
OJOM -744642 14M (424642 OJttt 8.704
0400 -147642 I4H (419642 0417 0494
0400 1.70642 O.M1 1425641 04H 0.104
0400 C4(C42 0427 14M841 0412 0410
0400 1.12E-01 0474 1.0>7e4t 04M 0411
04M 1JOE41 0421 241(641 0407 0471
0400 240641 0.7U 24U641 04M 0432
0400 240641 0.710 24016-01 O.(0) 0494
04M 14)641 O.HO 3412641 04M 04M
04M 141641 0420 1441641 O.OM 0424
0400 1406-01 04T9 1474641 0.7W 04>2
04M 44(641 0420 4405641 0.711 0402

04M 941641 0444 441*641 040* 0400
0400 (4)641 0401 94*9641 04U 0.1M
0400 (476-01 04M 8.130E-01 O.M4 0.104
0400 (44641 0411 (4(1641 1411 O.Ut
04M 7JJE-01 0401 (492E41 1471 0.127
0400 740641 0470 (424641 1.127 0.111
0400 (47641 04U (455641 1.178 0417
04M (.79E41 0411 74M641 1422 0404
04M 041641 0.1*2 7417641 1470 0472
0400 170641 0.170 7449641 1411 04C2
04M 1426+00 0.1M (479641 14U 04U
04M 1476*00 0.111 (411641 1411 044«
04M 1.116*00 0.11( (4*2641 1411 0419
04M 1.1(6+00 0.101 I471E-01 1401 0411
04M 1416+00 04n (.904641 14M 0420
04M 14tEl«0 0471 (439641 1.M4 0421
0.000 1406400 04(9 14276400 1451 0.020
04M 1496*00 0401 14(06*00 1.tM 0.011
0400 1406+00 0.04* 1.0*36+00 1.747 0414
04M 1456400 0411 1.12(6*00 1.7H 0411
0400 14tE400 0419 1.19IC400 1X2 040>
04M 144E400 0421 VIKEWO 14M 0400
0400 14K400 0419 1429C<00 1.197 04M
0400 144E<00 0.021 1499C400 1.909 0409
0400 14IE400 0417 1412C400 2.0)1 0404
0400 1 .736400 0414 1420E400 14U 0401
0400 1.79E400 0412 1.19tC<OO 2.120 0403
0.000 14>G«00 0410 14»1E«0 2.174 0402
0400 149E400 0.000 1424C«M 2421 0402
0400 142C400 0407 14876400 2471 0401
0.000 147E400 0409 1400E400 2419 0.001
0400 242E400 0404 1421E<00 249* 0401
0400 247E«00 0.001 149TC«00 2414 0401
0400 M16400 0401 1490E400 24« 0400
0400 1.1K400 0402 1.021EMO 1409 0400
0.000 241E*00 0402 1.998C-*00 2497 0400

OUTPUT
•(Ml ime c(uj oat <M**A

IIMU tatfu initfijipn Iftimiuioci
14000 214040 72540 M40 14U40
0490S 2H040 tU40 «40 11«2.7«
04100 nMJOO tC741 ttjOO 1U441
047M 21M40 «34.M M40 127140
04UO 21M40 90140 t>40 1212.fl
0.7141 2HO.OO 979.70 tl.OO 119149
0.7914 21M40 944.79 1940 100141
0.7007 21M40 9)144 1940 102740
04M4 21M40 401.11 9*40 OM42
04149 2U040 492.71 9940 90949
04012 345040 42244 9940 040.90
0.0429 2U040 1*340 9040 707.17
04019 HM40 U9.10 9040 710.19
04188 2U040 1474* 9940 n449

049M 238040 20S44 9*40 97040
045*9 210040 29049 9*40 92141
042M 21S040 237.7* ft 00 47940
04*70 DM40 21949 9*40 411.77
049*1 1380.00 1*947 9*40 1M44
04427 11M40 179.M 9*.00 351J3
04171 21M40 19747 99.M 11941
0.1*4* 2M040 U147 1940 21245
0.1714 2IM40 12940 9140 291.72
0.1941 238040 111.70 9*40 22140
0.1192 21M40 00.74 9940 1*749
0.11*9 1340.00 0145 **.M 17140
0.1092 21M40 7947 **40 19243
04919 21M40 9041 **40 1114*
04909 1350.00 97.10 9*40 1194*
049*1 21M40 M4B *9.00 10041
045*9 23M40 4149 1*40 M.7*
04514 1180.00 1740 9140 74.90
04441 21M40 11.*4 *940 0149
04179 21M40 2744 »40 9447
04)1* 21M40 21.11 1*40 4*47
04270 21H40 1947 99.00 M.14
04227 238040 1949 1*40 1247
041*1 2180.00 1)4) *)40 1749
041U 138040 1149 WOO 13.11
04111 21M40 941 WOO 1941
04110 238040 749 *9.M 19.91
040*1 HH.OO 147 9*40 11.14
04074 2100.00 940 9940 1040
04091 238040 441 99.00 043
04080 238040 l.M **40 740
04040 21M40 242 MOO 9.04
04011 21M40 241 9*40 4.72
0402* 2450.00 1.90 9940 1.7*
04011 1380.00 142 9*40 144
O.M17 21M40 141 **40 242

MPUT

0 0406400 24 914
104 9.196409 24 914
104 941O09 24 914
104 94CG400 2.0 914
404 149C409 2.0 914
M4 1ASE40J 24 914
M4 149E409 24 914
704 2416409 24 914
004 242E4O9 24 914
M4 1446*09 24 914

1M4 1.19640* 24 914
1104 14764OI 14 914
1204 1.716409 24 914
1304 4.10E40J 24 914
140.0 442E40* 24 914
IM4 4.71E409 24 914
1M4 945E400 24 014
1704 94*6409 24 114
1M4 940640* 14 914
1*04 949C409 24 914
2004 941640* 14 914
2104 9426409 14 914
2204 944644* 24 914
2104 749640* 24 914
2404 747640* 24 914
2M4 7406409 24 914
2(04 9406409 24 914
2704 0416409 24 914
2M4 94)6409 24 914
2M4 9.196409 24 914
1004 9496409 14 914
1104 9.7*6409 14 914
1204 1416+10 1.0 914
1104 144E«10 24 914
H04 1476*10 24 914
IM4 1.106*10 24 914
U04 1.1464-10 24 914
1704 1.176*10 2.0 914
1*04 1406*10 24 914
U04 1416*10 24 (14
4004 14(e*10 24 (14
4104 14*E*10 24 (14
4104 142E*10 24 914
4104 14(E*10 24 914
4404 14(6*10 14 (14
4M4 14ZE«10 24 (14
4M4 149C*10 24 (14
4704 14*6*10 24 (14
4M4 1416*10 24 914
4M4 1406*10 14 914
9M4 1406*10 14 (14

CALCULATIONS

W X 1-CRPOQ Y Z 1-ERnZ)
0400 (DMOI (WAI 1.10464M (DMQI (DMOI
O.OM 4.*76«M 0.000 1.1046*00 547* 0.000
0.000 1406*00 0400 1.1046*00 1.911 0400
0400 2416*00 0400 1.104E4OO 24*9 0400
0400 2406*00 0401 1.104E4M 2422 0400
0400 2.126*00 0.00) 1.1046*00 2470 0401
0400 i.ne*oo 0.007 1.1046*00 MM 0402
0400 t.796*M 0411 1.1046*00 1444 0.004
0400 1.(26*00 0422 1.1046400 1412 0409
0400 1416*M 04)1 1.1046*00 1440 0409
0400 1426400 0449 1.1046*00 1.7(1 0411
0400 14164OO 045* 1.1046*00 14*7 041*
0400 1485*00 0479 1.1046*00 1.941 0420
0400 1406*00 04*1 1.1046*00 14*2 0424
0400 1.146*00 0.100 1.104C400 1440 0429
0400 14)6*00 0.119 1.1046400 1410 04)9
0400 1446*M 0.141 1.1046400 147* 0417
0400 M2641 0.1*1 1.1046*00 1440 0441
0400 >416*01 0.17* 1.1046*00 1417 0449
0400 9.116-01 0.197 1.104E4M 14*2 044*
0400 O.TOM1 0414 1.1046*00 144» 0451
0400 048E-01 0412 1.1046*00 1441 04(7
0400 0.14641 04M 1.1046*00 1429 04M
0400 7.04641 0497 1.1046*00 1411 0.094
0400 747641 04*9 1.1046*00 14*9 0447
0400 7406-01 0402 1.104E400 14M 0470
0.000 749641 041* 1.1046*00 14(9 0474
0400 442641 0410 1.104E400 1492 0477
0400 14*641 0451 1.1046*00 1440 0471
0400 947E41 04(7 1.1046*00 142* 0.002
0.000 9.19E41 040) 1.1046*M 1410 0.0*9
0.000 947E41 04*9 1.1046*00 1409 049*
0400 S.70E41 0414 1.10*6*00 1.1** 04M
0400 941641 042* 1.1046*00 1.1*0 04*2
0400 941E-01 0444 1.104C400 1.1(2 04*9
0.000 544641 04M 1.1046*M 1.174 04*7
0400 940C-01 0471 1.1046*00 1.197 04M
0400 442641 0497 1.104E400 1.190 0.101
0400 4.79641 0400 1.1046*00 1.194 0.101
0400 442E41 0414 1.1046400 1.140 0.109
0400 447641 0.527 1.1046400 1.142 0.100
0400 441E41 0440 1.1046*00 1.134 0.100
0400 4.1*641 049) 1.1046*00 1.111 0.110
0400 44(641 04M 1.1046400 1.129 0.111
0400 141641 0.97* 1.1046400 1.122 0.111
0400 141641 04M 1.1046*00 1.117 0.114
0.000 14*641 0402 1 .1046*00 1.111 0.119
0400 14(641 0414 1.1046*00 1.10) 0.117
0400 14SE-01 0429 1.1046400 1.101 0.110
0400 141641 0417 1.1046*00 1.102 0.11)
0.000 142E41 0.441 1.1046*00 14*9 0.120

OUTPUT
•M «WC C(Ifl *M CU«|«4

(OMOI 1180.00 HXWOt *t.OO IDIVJOI
04000 21M.OO 040 9*40 040
04000 HM40 040 *940 040
04001 219040 049 9*40 0.10
04007 21M40 041 9*40 0.99
0.0029 21H40 1.04 tl.OO 149
0.0014 21M40 4.91 9940 (41
04124 138040 IJ4 M40 1741
0.0204 21M.M 1441 9*40 1111
04)04 23M40 2240 MOO 4441
04410 21M40 1040 9*40 M.(0
04544 21M40 1*47 •).» 7(44
0.0400 133040 4*41 M.OO *041
04*22 23M.OO 9*42 9*40 11(44
04*(* 23M.OO 7049 9*40 14042
0.111* 219040 91.11 MOO 1(141
0.1270 138040 *249 1*40 1*4.11
0.1421 138040 10)42 *)40 20941
0.1972 21M40 111.90 *940 22749
0.1721 2380.00 124.79 M40 24*47
0.1H* 1380.00 1194* M40 270.M
04014 21M40 14941 9940 2*241
04197 21H40 1U41 1*40 11242
042M 138040 1H49 M.M 111.17
0.2415 1380.00 17949 9940 191.10
04970 21M.OO 10941 1*40 17241
04701 21M.M 1*944 M.OO 191. (9
04010 DM40 209.14 9*40 41042
049M 21M40 21449 9*40 42(41
0407* 2380.00 221.11 9*40 44449
041(7 21M.OO 311.71 9*40 411.M
04114 1380.00 24044 M40 4M47
04427 1380.00 24047 M40 4M49
049» 21U40 2M41 MOO 81J.01
044*1 1380.00 2*444 M.OO 919.99
0.3791 138000 271.97 MOO 54145
04*94 1180.00 27*42 M.M 9M.94
04*94 21M40 MM *940 971.H
94052 2)H40 2*1.79 MOO M742
04147 133000 30044 M40 M14)
04240 219040 10740 9940 91440
041)1 21M40 11147 MOO (2744
0441* 138000 12049 9*40 440.71
04905 21M40 129.04 0140 (0149
049(0 2330.00 112.74 MOO 14341
04972 138040 1U.71 MJX 17741
04792 1330.00 3*443 M.M 9*949
04*)0 1380.00 IM41 M40 7M42
04M7 1380.00 U9.79 M40 71141
04*12 138040 31111 M.M 7214*
04059 23M.OO 1(449 **.00 71240
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Chomlcal Isolation Analysis for RA4
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Chemical Isolation Analy*lt for RA4
PSRSuperfundSto

Mtn

irow* ifMA itm irtnn
mOO 1.14E+0) 040 04
mOO 1.19E409 04) 14
MUO 3.196*0) 0.12 I.T
moo i.i9E*n O.D ts
moo 1.19E40) OM 74
IOOO 1.19E409 040 1.1
14900 3.14E40) 044 11JO
moo i.i9E*o> 0/4] 114
mOO 1.186*3) OM 144
HMO 1.1SE+0) OM 114
moo 1.196*04 040 144
mOO 1.196*01 OM J0.1
M900 1.15E+0) 0.11 214
moo i.iae*0> o.n 21.1
moo >.19C*0) OM a*
mOO 1.186+0) OJO 274
K900 1.186*0) OJI 2*4
MWO 1.186+O) 142 11.1
14MO 1.186+09 14) 134
mOO 1.196*0) 1.14 14.7
moo 3.i9E*o) Me 144
mOO 1.196*09 124 MA
mOO 1.186*0) 142 402
mOO 1.196*09 141 42.1
mOO 1.196+0) 1*1 414
mOO 1.10E*0> 140 40.7
JUOO 1.146*0) 144 474
24900 ).1tE«0) 142 494
MSOO 1.196*0) IJM 912
MMO 1.156*0) 1.74 914
mOO 1.156*09 140 944
mOO 3.19E409 149 94.7
MSOO 1.186+0) 142 994
mOO 1.186*0) 149 404
W900 1.196*0) 244 92.2
)4IOO 1.186*0) 2.10 044
MSOO 3.196*0) 2.14 494
mOO 3.196*0) 131 97.7
KUO 3.19E+0) lit U4
KUO 1.186+M 24* 714
14UO 1.196*0) 240 712
14909 I.1S6+O9 244 794
14900 1.146*0) 242 794
14900 1.196*0) 249 79.9
14900 1.1SE+W 244 004
14900 3.196*09 2.70 054
14900 3.196*0) 2.79 94.1
moo 1.166*0) 242 444
H500 3.196*09 2.49 474
34900 >. 156*01 244 414
14500 1.19E409 149 )14

CALCULATIONS

W X 1-EfVtm Y Z VCRFffi
0400 -1.746<01 1.1M 0.0006*00 0.174 0404
0400 -129641 1.141 3412B42 0221 0.794
0400 -744642 14>4 4.424G42 024) 0.704
0400 -1476-02 1419 1419643 OJ17 0494
0400 1.70E-02 0491 1429641 0444 0.404
0400 444E42 0427 1494E41 0412 0440
0400 1.12641 0474 1447E41 0440 0.914
0400 140E41 0421 24146-01 0407 0471
0400 249641 0.741 2449E41 04W 0412
0.000 1496-01 0.710 2.441E-01 0401 04*4
0400 141641 0.444 1412E41 O.BO OJ94
0400 341E41 0420 3441641 0414 OJ24
0400 )44E41 0471 1474641 0.744 0212
0400 444E41 0429 44086-01 O.Ttl 0242
0400 444641 0449 4434641 0441 0214
0.000 441641 0444 4444E41 0.40f 0201
0.000 84*6-01 0409 829*6-01 0414 0.1 W
0400 447641 0444 8JEWE-01 0.944 0.144
0400 444E41 0411 9491E41 1.032 0.144
0400 742E41 0401 42*2641 1479 0.127
0400 7406-01 0270 IJOtE-01 1.127 0.111
0400 427E41 0242 4494E41 1.179 04)7
0400 4.79641 0214 7244E-01 1222 0404
0400 423E41 0.1)2 7417E41 1270 0472
0400 1.70641 0.170 7444641 1.119 0442
0.000 1426*00 0.190 427I»1 1449 0.091
0.000 1476*90 0.112 0.911641 1411 0444
0.000 1.11E+00 0.119 9442641 1441 0419
0400 1.14E+00 0.101 9273E41 1404 0411
0400 121E*00 0497 9.9ME41 1499 042)
0400 124E*M 0479 9.439641 1404 0421
0400 140E<00 0449 14276*00 1491 0420
0400 1446*00 0499 14406*00 14» 0411
0400 1406*90 0440 14UE400 1.747 0414
0400 14<E«00 0441 1.124E440 1.7)4 0411
0400 14SetOO 0419 1.19IE400 1442 040)
0400 144C400 042) LIUC-MO 14)0 0404
0400 149C400 0429 1229E-MO 1497 0404
0.000 1J4E-WO 0.021 1299E«0 1449 0409
0400 14K400 0417 12n£«00 2411 0404
0400 1.71C400 O.OU 1429G400 2440 0401
0400 1.74C400 0.012 14ME«00 2.129 0401
0400 143e«0 0410 1J91E400 2.179 0402
0400 140E-MO 0404 1424G400 2221 0402
0400 142E-MO 0407 M97E400 2271 0401
0400 147C100 0409 1490OOO 2J19 0401
0400 242E400 0404 1421E400 2J49 0401
0400 247C-MO 0.001 1497CMO 2414 0401
0.000 2.11C-IOO 0401 1490E100 2442 0400
0.000 2.14E400 0402 1.42X-IOO 240) 0400
0.000 221E400 0.002 1.4S4E400 2497 0400

OUTPUT
•tU) MOO CtM) 404 CMOIM

HMU tacAi imafcioci ItiiHtffcuoei
1.0000 214040 72940 44.00 14&040
0.4409 219040 49940 49.00 1142.7)
04200 224040 44741 4)40 111442
04744 214040 4M4) 4)40 127149
04149 219040 40440 ))40 12124)
0.7)41 219040 479.70 M40 11914)
0.7914 219040 944.74 4440 104)41
0.7047 219040 411.94 9)40 102749
04444 2)9040 441.11 4)40 M422
04149 2H040 442.71 4)40 40944
04412 214040 422.44 4440 44944
04424 219040 19144 4)40 7)7.17
04014 219040 149.10 9)40 710.1)
04499 219040 H74) »40 47444
042)4 2H040 1104B »40 421.79
OJ*M 2U040 24924 M40 470.44
0499) H9040 240.94 H40 42141
04290 2H040 217.7) M40 47949
02979 219040 21949 MJX 411.77
024)9 2M040 1M27 9940 1M44
02427 219040 179.44 4)40 19141
02179 219040 197.47 M40 11944
0.1*4) 219040 14127 »40 29249
0.17M 219040 129.44 4)40 291.72
0.1941 216040 111.70 9)40 22140
0.1M2 214040 49.74 4)40 1)74)
0.114) 219040 4449 9)40 17140
0.1092 219040 7427 »J» 19243
04)19 219040 4441 4440 11124
04400 219040 97M 4)40 119.94
044)1 219040 9029 »40 10041
0.08M 219040 43» M40 44.74
04SU 219040 17JO »40 74.40
04441 219040 1144 4)00 4144
04174 214040 2724 4440 9447
0411) 219040 21.11 4440 4427
04270 219040 1947 4)40 ll.M
04227 239040 1144 MOO 1247
041)1 219040 1)41 9)40 2744
04199 219040 1149 4)40 JJ.11
04111 219040 )41 9)40 1922
04110 239040 744 M.OO 1941
04091 239040 447 4)40 11.14
04074 219040 940 M40 1040
04041 219040 442 4)40 443
0.0090 2190.00 1.40 *>40 720
04040 239040 242 4)40 944
04033 219040 2J4 4)40 4.7]
04024 219040 140 4440 1.74
04021 219040 142 4940 144
04017 219040 121 4940 242

44PUT

irvn IAMCI inn Kcnn
0 040E400 24 414

104 1.19E404 24 414
204 421C401 24 414
10.0 444C-M4 24 414
404 124C40) 24 414
904 149e«0> 24 414
404 14K4O) 24 414
704 221C-W4 24 414
404 242E-M4 24 414
404 244E*M 24 414

100.0 t.1te-*09 24 414
1104 147E-M) 24 414
1104 ine-M) 24 414
1104 4.10E4M 24 414
1404 442E4O9 24 414
1904 4.7J&W1 24 414
1404 949E-IO) 24 414
1704 944E-KH 24 414
1404 8.44E«) 24 414
1)04 941C4O 24 414
2004 421E404 24 414
2104 442C40) 24 414
2204 444C40) 24 414
210.0 729C-MI) 24 414
2404 74TE40) 24 414
1904 740E40) 24 414
240.0 420E40) 24 414
2704 441E40) 24 414
2404 44X40) 24 414
2)04 ).14E40) 24 414
1004 444E-M) 24 414
1104 4.74E40) 24 414
3204 141E»10 14 414
3104 144E«10 24 414
3404 1471+10 24 414
3904 1.1«6»10 24 914
3404 1.1*E+10 24 114
3704 1.17C-HO 24 414
140.0 120E«10 24 414
1404 123E+10 24 414
4004 124E«10 24 414
4104 UK-MO 24 414
4204 1J2E410 24 414
4304 1J4E«10 24 414
440JJ 14«E«10 24 414
4904 142E«10 14 914
4404 1446+10 24 414
470.0 14JE+10 24 414
440.0 141E-MO 24 414
4)04 149C*10 24 414
9004 144E-MO 24 414

CALCULATIONS

w x t£rvoa Y z 1-eivcD
0400 4DVJOI 4OVAI 1.104E+00 iDVAt 4DMJOI
0400 4.47E400 0400 1.104E+00 447) 0400
0400 144C400 0400 1.104E«00 1.431 0400
0400 241E+00 0400 1.104E400 2.444 0400
0400 240G400 0401 I.104E+00 2.422 0400
0400 2.12E400 0403 1.104C400 J4TO 0401
0.000 142E-tOO 0407 1.104E400 M44 0402
0.000 1.T5E+00 0411 1.104E400 2444 0404
0400 142C-MO 0422 1.104E400 1.112 0404
0400 141E409 0411 1.104E+00 1440 0409
0400 142E+00 0449 1.1048*00 1.791 0411
0400 1416+00 049) 1.104BMO 14)7 0411
0400 12(6+00 0479 1.104E400 1441 0424
0400 1206*00 0491 1.1WE+00 1442 0424
04OO 1.MC+OO 0.104 1.104C+QO 1444 042)
0400 144E400 0.129 1.1046+00 1410 0433
0400 14*6+00 0.143 1.1046+00 1474 0417
0400 442B41 0.141 1.104E+00 1449 0441
0400 1416-01 0.17) 1.104E+00 1417 0449
0400 9.11C-01 0.1)7 1.104E+00 1242 044)
0400 ).79B«1 0214 1.1046+00 1449 0491
0400 4496-01 0232 1.1046+00 1444 0417
0400 9.14H1 0290 1.1046+00 142) 0410
0.000 744E-01 0247 1.1M6+00 1411 0.044
0400 747E-01 0249 1.1046+00 1299 0447
0.000 740E41 0402 1.104E+00 1240 0470
0.000 749E-01 0419 1.104E+00 1299 0474
0.000 442C-01 0439 1.104E400 1292 0477
0400 944E-01 0491 1.104E400 1240 047)
0400 947E-01 0447 1.10*6*00 122) 0442
0400 «. 146-01 0443 1.10*6+00 1214 0449
0400 ijre-01 049) i.to«e+oo 1204 0.044
0400 9.74E41 0414 1.10*6+00 1.14) 0410
0400 049C41 042) 1.10*6+00 1.1)0 04)2
0400 8416-01 0444 1.1046+00 1.142 9419
0400 424C-01 0499 1.10*6+00 1.174 04)7
0400 94te-01 0473 1.10*6+00 1.147 04»
0.000 442E-01 0447 1.10*6+00 1.140 0.101
0400 4.74641 0400 1.10*6+00 1.144 0.101
0490 442E41 0414 1.10*6*00 1.141 0.109
0400 4476-01 0427 1.10*6+00 1.142 0.104
0400 4416-01 0440 1.104E«M 1.1H 0.104
0400 4.1)6-01 0491 1.10*6+00 1.111 0.110
0400 444E-01 0444 1.10*6*00 1.124 0.111
0400 I4J6-01 0471 1.1046*00 1.122 0.111
0400 1416-01 OJS» 1.10*6+00 1.117 0.114
0400 I.49E-01 0402 1.10*6*00 1.111 0.119
0400 14CE41 0414 1.10*6+00 1.10) 0.117
0.000 I49E-01 0429 1.10*6+00 1.104 0.114
0400 1418-01 0.437 1.10*6+00 1.102 0.11)
0.000 322E-01 044) 1.10*6+00 14» 0.120

OUTPUT
•fcq woe com ton cnd(M)

lugytl jug/u (mg/fcaoci Jlmo/tao l̂̂
IDVni 239040 iDVAl 4440 tOHm
04000 219040 0.00 M.OO 040
04000 219040 0.00 4440 040
0.0001 219040 0.09 H40 0.10
04007 2190.00 047 M40 049
04029 214040 141 4)40 34)
04044 2140.00 441 4)40 )21
04124 2390.00 949 ))40 1741
04204 239040 14.91 9)40 2)42
04104 2390.00 2240 »40 4441
0441) 2390.00 3040 »40 40.40
04944 2190.00 1947 MOO 7)44
04)40 2390.00 4441 44.00 94.41
04)22 239040 91.92 MOO 11)24
04M) 214040 7024 M40 14042
0.111) 2190.00 91.11 M.OO 14221
0.1270 219040 9249 99.00 1*4.11
0.1421 239040 101.02 M.OO 20444
0.1972 239040 113.H 9940 2274)
0.1721 239040 124.7) H40 24)47
0.1494 239040 11949 MJX 270J4
02014 219040 149.04 4)40 2*24)
02197 239040 199.41 M.OO 31243
022*4 2390.00 14444 4)40 331.17
02439 219040 17949 9)40 393.10
02870 2390.00 14441 *)40 371.41
02701 2190.00 149.44 MJX 3)1.49
02430 2390.00 209.19 M.OO 41042
02*99 2390.00 21429 M.OO 42)41
04079 2390.00 221.11 MOO 44924
041)7 239040 231.7) MOO 44344
04114 219040 M024 M.OO 44047
04427 239040 24447 M.OO 4*449
04939 239040 294.91 4440 913.01
04444 239040 24444 M40 9294)
04791 239040 271.47 4)40 94349
04494 239040 37442 4)40 44444
04*94 2190.00 294.44 4)40 97144
04092 2390.00 2)3.74 4440 9)7.92
04H7 239040 10044 MJX) 40141
04240 239040 10740 MJX) 41440
04311 2390.00 11147 MJX) 42744
0441* 239040 120.39 MJX 440.74
04909 239040 139.44 MJX 49324
049*0 219040 113.74 MJX 4494)
04472 219040 339.71 1140 47741
04792 239040 34441 M40 44)49
04430 2144.00 39021 4440 70042
04)07 2390.00 399.79 4940 71143
04*12 2390.00 3)1.1) M.OO 72244
0.9099 2390.00 39949 M.OO 732.49
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Chemical Isolation Analytic for RAS
PSRSupcrfundSKe

«Mgnim,p.iw

PMMngMMkn[»MM.2t
(M.IHM1)

<i <0.fl'EO»(W>tERFC{K)>+<0.fl1EJtP<Y)'EIVC<Z»
w
X*
Y-
z*

Ml OmictMl «M Mm (<M2)

ERFCft" 1-EHPft

ID TMraPOKT SOLJTION
A-Bfttd Don ̂ iMMiMl pmUM ty

DttlMKCrlun CtpWMloni fQ

Porewattr C vs. x tf Otvsn Tims
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Chemical (eolation Analysis for RAS
PSRSupmftindSlte
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APPENDIX C

SLOPE STABILITY EVALUATION

C.I EXISTING SUBMARINE LANDSLIDES

High-resolution bathymetry following the February 2001 Nisqually earthquake identified
geomorphologic features within the Duwamish River delta that can be interpreted as scars from
past landslides. At least five of these past slides can be identified at the site, as shown in
Figure C-l. The apparent slide features were examined to provide insight as to potential future
landslide failure modes and extent.

The features appear to have an elongated tongue-like shape, some with a bottleneck opening that
is up to 400 feet long from crest to toe, 100 to 150 feet wide, and 10 to 15 feet deep. Beyond the
toe of the slide, a deposition zone, typically in the form of a bulge or a lobe, resulting from the
flow of the sediments is observed. The elongated geometry of the landslides resembles that of
many submarine landslides reported in the literature (Andresen and Bjerrum 1966; Sladen et al.
1985; Kraft, Gavin, and Burtom 1992; and Gardner et al. 2001). Slide debris run-out distances of
several hundred to 1,000 feet have been observed at PSR. As discussed in the pre-design
investigation data summary (USEPA 2002a), the comparison of pre- and post-Nisqually
earthquake bathymetry data suggests that these landslides occurred some time prior to the
Nisqually earthquake. The cause of these landslides is not known. One or more mechanisms
might have contributed to trigger the slides, including liquefaction due to earthquake motions,
construction activities in the area such as fill placement and dredging, and seepage pressures
during falling tides.

Regardless of the actual cause of the previous landslides, any future instability of these slopes is
expected to occur in a like manner with similar slide geometries, plan dimensions, and depths.

C.2 SUBSURFACE CONDITIONS

Subsurface conditions at the site consist of fill composed of soils of various origins overlying a
thick deposit of native sediments. Generally the subsurface consists of mixtures of sand and silts
with fines content typically between 30 percent and 80 percent. An upper layer, 2 to 3.5 feet
thick and composed of very soft silt with organic matter at some locations, was observed
throughout most of the site. Below this surficial silt, identification of specific strata was not
possible as the changes in sediment character tended to be gradational and seemingly random
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within and between borings and probes. However, the presence of randomly distributed zones of
sediments with more pronounced granular behavior was observed in most of the cone profiles
and borehole logs. These granular zones are typically 5 to 10 feet thick and are usually located
within the upper 30 feet of sediments.

Borehole and cone penetration testing (CPT) logs were used to develop a vertical sequence of
soil "layers" that is roughly representative of conditions across the site. That sequence is
described below, in order of increasing depth:

2.5 feet of sensitive fine-grained sediments (Upper Silt)
10 feet of sandy silt (Intermediate Silt)
10 feet of silty sand (Upper Sand)
30 feet of sandy silt (Lower Silt)
Silty sand down to bedrock (Lower Sand)
Bedrock at an assumed depth of 400 feet below mudline

In addition, for the post-capping conditions, the subsurface profile included a cap with an
assumed thickness as described in the consolidation analysis (Table C-l).

Two critical sections within the site area were selected for slope stability analysis:

• SECTION 1: This represents a full slope section through RA2, RA4, and RA5 in
the direction of the maximum slope gradient, the failure of which would involve a
large area of the sediments within the Marine Sediment Unit (MSU). The section
of slope includes a relatively steep portion with an average inclination of about
20 percent (12 degrees) and is shown in Figure C-l. Within this steep portion, a
maximum slope inclination of about 29 percent (16 degrees) was measured near
the crest of the slope. The steep portion extends for a length of about 300 feet in
the direction of the maximum slope gradient and then flattens to an average
inclination of about 12 percent (7 degrees). This section was the easternmost one
passing through the CPT probes P16, P17, PI 8, and P19, and boreholes B5
andB6.

• SECTION 2: This represents a local steepened section in RA4 along the margin
of an existing landslide feature, where small localized failures could occur
repeatedly (retrogressive) and eventually involve a more significant portion of the
slope. Local steepened zones with inclinations up to 50 percent (27 degrees) were
observed in SECTION 2 near the margin of the landslide feature identified as
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slide 3 in Figure C-l. SECTION 2 was selected because the slopes along the
margins of slide 3 appear to be approximately the steepest at the site.

C.3 COMPUTATION METHOD

The limit equilibrium approach was adopted for the slope stability analyses of the sediments.
The commercially available UTEXAS 4.0 software (Shinoak Software, Austin, Texas) and
Spencer's method of analysis were utilized.

The UTEXAS 4.0 software was used to conduct an automatic search for the most critical circular
failure surface, i.e., the surface with minimum factor of safety, for each of the two critical
sections. In addition, an analysis was carried out for the full section (SECTION 1) by imposing a
predetermined shallow failure surface resembling the existing landslide features at the site.

C.4 STATIC STABILITY

C.4.1 Strength Parameters

Strength parameters for static slope stability analyses were assigned based on an interpretation of
the result of the field standard penetration tests (SPTs), CPTs, and field vane shear tests (VSTs).
A summary of the strength parameters is presented in Table C-2.

The undrained shear strengths (sj of the Upper Silt measured in VSTs and CPTs ranged from 10
pounds per square foot (psf) to more than 100 psf. The selected value of 35 psf was obtained by
back-analysis of the steepened SECTION 2 to find the shear strength that would produce a safety
factor of at least 1.0. The strength of the Intermediate Silt was modeled as linearly increasing
with depth based on average CPT su values. A friction angle for the Upper Sand layer was
selected based on correlations between friction angle and CPT and SPT data and on the physical
observation of the coarser nature of this material. The CPT and SPT correlations suggested
magnitudes of friction angles for the Upper Sand between 37 degrees and 39 degrees and
28 degrees and 30 degrees, respectively. An intermediate angle of friction of 32 degrees was
therefore selected for the Upper Sand layer. The Lower Silt layer was modeled with a uniform
undrained shear strength of 1,000 psf based on average CPT su values. A friction angle of
35 degrees was estimated for the Lower Sand using published values for medium dense sand..

The placement of the cap was assumed to induce an increase in strength in the Upper Silt only,
where most of the sediment compression is expected to occur. A uniform increase in undrained
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shear strength of 30 psf was assigned to the Upper Silt layer. This increase in strength was
computed assuming the increase in shear strength to be proportional to the compression of the
sediments (Skempton 1944) estimated upon placement of a 1.5-foot-thick cap.

C.4.2 Results of Static Slope Stability Analyses

The results of the slope stability analyses for the temporary condition preceding the capping and
for the permanent condition after the capping of the sediments are summarized in Table C-3. An
example output of UTEXAS 4.0 runs is presented in Attachment C-l to this appendix.

Note that the increase in factors of safety that occur in the post-capping scenario compared with
the pre-capping scenario are the result of the strength gain anticipated for the Upper Silt as a
consequence of compression under the slowly increasing cap load.

Factors of safety greater than 3.0 were computed for failures of significant size at SECTION 1
during static loading, indicating a stable slope under static conditions. These factors of safety are
well above the minimum value of 1.5 typically considered appropriate for permanent slopes.
Results of the analyses are graphically illustrated for the post-capping case in Figures C-2
and C-3.

Lower but still adequate factors of safety (as low as 1.73) were estimated for the steepened area
at SECTION 2 along the fringe of the previous landslide zone, indicating a stable slope under
static conditions. Automatic search routines by the UTEXAS 4.0 software did not appear to
properly reflect the lowest factors of safety for these shallow and limited-extent failures, so
specific failure surface searches were used. The results are graphically illustrated for the post-
capping case in Figure C-4.

C.5 SEISMIC STABILITY

C.5.1 Approach

In accordance with the industry standard, the approach to the analysis of stability for the seismic
case proceeded first with an evaluation of the potential for liquefaction, then progressed to the
analysis of slope stability. The slope stability analysis uses soil strength parameters which
depend on whether liquefaction is expected during the design level earthquake.

The evaluation of future liquefaction potential and seismic slope stability was guided by the
interpreted site response to the M = 6.8 Nisqually earthquake of February 28, 2001. In particular,
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the apparent absence of significant liquefaction or large-scale instability of the submarine slopes
after the earthquake, as indicated by a comparison of pre- and post-earthquake bathymetric maps
of the site, was used to provide "ground truth" for the standard analysis methodologies.

The industry standard approach to the evaluation of liquefaction potential is described in Youd
et al. (2001), and involves an empirical analysis based on measured sampler penetration
resistance (N-values) or CPT cone tip resistance values. Using this approach, the acceleration
level of 0.22g that was measured at Harbor Island at a ground surface location approximately
1 mile south of the site should have liquefied the sediments to depths of at least 30 feet. This
result is inconsistent with the observed lack of significant liquefaction.

One of the possible interpretations of this prediction-versus-observation inconsistency is that the
actual acceleration level at the site was lower than at the Harbor Island surface measurement
location, possibly due to the effect of the deep water. However, it should be noted that another
important contributing factor might have been the high fraction of fines measured in the
laboratory grain size analysis tests on the samples of sediments. Soils with a high fines content
are not as susceptible to liquefaction as sands with low fines contents.

Given the uncertainty in the liquification potential, it was conservatively assumed that the
sediments are in fact liquefiable, but that the actual ground acceleration level within the sediment
slopes was less than the measured acceleration at the Harbor Island surface monitoring location.
Further discussion of the analysis is presented below.

C.5.2 Liquefaction Analysis

A preliminary evaluation of the liquefaction potential of the sediments was performed using the
qualitative Chinese criteria (Seed and Idriss 1982) and Tsuchida (1970) criteria. The Chinese
criteria are based on clay fraction, plasticity properties, and moisture content. The clay content
(particles smaller than 5 micrometers [Jim]) of all the sediment samples tested in the pre-design
investigation was less than 15 percent; all samples tested for this investigation had liquid limits
less than 35 percent and moisture content values greater than 0.9 times the liquid limit.
According to the Chinese criteria, these observations indicate that the sediments at this site can
be considered to be potentially liquefiable.

The Tsuchida criterion is illustrated in Figure C-5, which shows the gradation curves obtained for
the sediment samples from this study and the remedial investigation/feasibility study (RI/FS)
(USEPA 1998). The gradation curves lie mostly within the outer boundary curves, which
identify potentially liquefiable soils. However, the tails of some gradation curves cut across the
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Tsuchida boundary curves. Therefore, according to the Tsuchida criterion, the sediments with
highest fines content may not be liquefiable.

Liquefaction analyses based on SPT and CPT data were performed using LiquefyPro software
(CivilTech Software) and using the magnitude of the Nisqually earthquake and the acceleration
measured at Harbor Island. The standard SPT method and Seed's CPT method of analysis (Seed
and De Alba 1986) were used. Corrections factors for fines content were computed using the
Idriss and Seed (1997) and Stark and Olson (1995) methods for the SPT and the CPT analyses,
respectively.

For the SPT analysis, the fines content was assigned to each soil type encountered along the
profile. For the CPT analysis, values of fines content and D50 were assigned to each soil type
classified based on the typical values measured in the laboratory tests on the same type of soils.
The fines contents ranged from 20 to 88 percent, while the D50 values ranged from 0.075 to
0.10mm.

The results of the SPT and CPT liquefaction analyses are presented in Figures C-6 through C-9
for representative borings and cone probes. Example LiquefyPro outputs are presented in
Attachment C-2. Both CPT and SPT liquefaction analyses yielded factors of safety less than 1.0,
indicating liquefaction for large regions of the subsurface materials. This extensive liquefaction
would have caused large-scale slope failures at the site, which conflicts with the lack of evidence
of liquefaction and large-scale slope instability at the site following the Nisqually earthquake.
Given the limited precision of the pre-Nisqually bathymetry, the occurrence of small local zones
of liquefaction, settlement, and sloughing due to the Nisqually earthquake cannot be ruled out.

For a more realistic yet conservative analysis, the assumption was made that the Nisqually
earthquake brought the sediments to just below the trigger point of liquefaction, i.e., the factor of
safety of liquefaction was approximately 1.0. The LiquefyPro software was then used to back-
calculate the ground acceleration that would result in a safety factor against liquefaction of 1.0.
This back-calculated ground acceleration value was then used for further evaluation of slope
stability.

When SPT N-values from the borings were used for the back-calculation process, the ground
acceleration value that would first trigger liquefaction ranged from approximately 0.07g in
borings B2, B3, B4 and B6 to approximately 0.1 Ig in boring Bl. When CPT data were used for
the back-calculation process, the ground acceleration value that would first trigger liquefaction
was approximately 0.13g to 0.14g. As the CPT data is viewed as being somewhat more reliable
than N-values from the borings in these conditions, the back-calculated ground acceleration value
from the CPT analysis was considered the most appropriate value to use in this study.
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C.5.3 Seismic Design Parameters

The return period associated with the Nisqually event was estimated to be 30 to 50 years
(Crosson 2002). Designing a cap for such an event appears to be reasonable given the absence of
any direct human health risks from a slope failure, and the typical range of design events used in
the United States (return period of 2,500 years for high-hazard dams, 475 years for buildings and
bridges, and 100 years for landfills). Slope failures from seismic events would cause short-term
disruption of the benthic community and potentially pose short-term ecological risks if
contaminated sediments are re-exposed. However, such disruptions will be repaired as part of
the long-term maintenance of the cap. Thus, it is important to stress that a slope failure does not
constitute a failure of the remedy. The anticipated slope failure mode and extent are discussed
further in Section C.6.

An earthquake magnitude of 6.8 and a peak ground acceleration (PGA) corresponding to the
liquefaction-triggering value of 0.13g computed from CPT back-analysis were therefore
considered to be the seismic design parameters for this project.

C.5.4 Shear Strength Parameters and Pseudo-Static Slope Stability Analysis

The stability of the sediment slopes during a seismic event was evaluated for the permanent
condition after capping. The seismic slope stability analysis was performed on the same two
critical profiles (SECTIONS 1 and 2) previously identified. In accordance with the industry
standard approach for slopes without life-threatening consequences of failure, the pseudo-static
approach to slope stability analysis was applied using the UTEXAS 4.0 software. A seismic
coefficient equal to 0.5 of the design PGA was adopted. This seismic coefficient is consistent
with the value of 0.5 recommended by EPA's RCRA Subtitle D Seismic Design Guidance for
Municipal Solid Waste Landfill Facilities.

The undrained shear strengths of the sediments were reduced from the static values to account for
strength degradation induced by seismic loading. Because of the uncertainties associated with
the exact magnitude of the post-cyclic undrained shear strength of the sediments, a parametric
study was carried out using shear strength reductions of 20 and 30 percent. Shaking-induced
shear strength losses in nonliquefied fine grained soils are typically assumed to be less than
20 percent (Martin 1992). However, cyclic undrained strength reductions of 30 percent or more
have been recorded for clays (Pradhan et al. 1999), and even more substantial strength losses
could be expected for granular soils approaching liquefaction. Considering the soft nature of
sediments at this site, an upper limit of strength loss of 30 percent was used in the absence of
liquefaction.
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C.5.5 Results of Seismic Slope Stability Analyses

The results of the seismic slope stability analysis for the permanent condition after capping are
summarized in Table C-4. An example output of UTEXAS 4.0 is presented in Attachment C-l.

Seismic factors of safety greater than 1.3 were computed for the full slope at SECTION 1 for
both the shallow and deep failure modes. Seismic factors of safety less than 1.0 were computed
for the local steepened slope at SECTION 2 along the margin of an existing landslide feature,
indicating that local failures may be expected in steepened zones of the sediments.

Figures C-10 and C-l 1 show the slip surfaces with minimum factor of safety for the full slope
SECTION 1 and the local steepened SECTION 2, respectively. The extent of the predicted
failure for the local steepened zones is relatively small and involves mainly the upper cap
material and few feet of the Upper Silt layer for a distance of about 100 feet in the direction of
the maximum slope gradient. The position of the critical circles for the full slope section is very
close to that observed for the static loading case.

Additional analyses were performed to estimate the seismic coefficient that would result in a
safety factor of 1.0, i.e., the onset of failure of the slope. The results are shown in Table C-5.
For the SECTION 1 slope configuration, the seismic coefficients resulting in failure indicate that
an event with a seismic coefficient of at least 0.11 (i.e., PGA of at least 0.22g) at the submarine
slope location (hence approximately 0.37g at the Harbor Island seismometer station) is needed to
induce failure. For the steep SECTION 2 slope configuration, a seismic coefficient of only 0.01
(i.e., a PGA of 0.02g) at the submarine slope location is needed to theoretically produce a failure.

C.6 ESTIMATED FAILURE MODE AND EXTENT

The results of the slope stability analyses indicate that the submarine slopes at this site are stable
under static conditions. The design event consisting of a magnitude 6.8 seismic event with a dry
ground surface PGA 0.22g and an actual submarine slope PGA of 0.13g (i.e., 60 percent of the
dry ground PGA) is not expected to cause large-scale slope instability, but may trigger local
shallow failures in the steeper zones near the margins of existing landslides.

Local submarine failures in steepened areas have been reported to develop into large-scale
retrogressive failures. These are tongue-shaped with a bottleneck opening at the location of the
initial slide (Andresen and Bjerrum 1971), similar to the existing slides observed at the site.
Such slope failures may occur in the future as discussed below.
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Although seismic events are believed to be a significant cause of large scale submarine
landslides, a number of case histories document other types of mechanisms that can trigger such
failures. A submarine landslide occurred at Alki point in the Puget Sound in 1986 (Kraft, Gavin,
and Burtom 1992) during dredging for construction of an offshore pipeline. The cause of the
landslide was attributed to a collapse mechanism in the soil that caused liquefaction as a result of
dredging in low tidal conditions. The slide involved approximately the upper 10 feet of
sediments that consisted of medium dense sands, and extended about 1,000 feet from crest to toe
of the slide. Five liquefaction slides occurred in 1983 during construction of a hydraulically
placed submarine sand berm at Nerlerk in the Canadian Beaufort Sea (Sladen et al. 1985). These
slides were attributed to loading arising from the placement of the fill itself in local
oversteepened zones. The berm slopes were generally smaller than 10 percent (6 degrees).
However the local oversteepening caused by placement of the fill with a single point technique,
produced slopes up to 32 percent (18 degrees). The slides were described as bowl-shaped with
lengths in the direction of the maximum slope gradient between 600 and 1,200 feet and depths
not exceeding 30 feet.

Based on the above case histories and on the observations discussed in Section C.I, it is
hypothesized that, if a submarine slope failure is triggered at the site by either an earthquake or
other mechanisms, the slide will probably involve the upper 10 to 20 feet of sediments for a
length of several hundred feet in the direction of the maximum slope gradient. The width of the
slide will probably not exceed 100 feet. Several of these failures could conceivably develop
during a large earthquake with a magnitude in excess of 7. The zone of sediment accumulation,
which begins at the toe of the slide zone, will probably extend for several hundred feet or more in
the direction of the maximum slope gradient. The fine fraction of the sediments will become
suspended and, depending on currents and other factors, may be re-deposited at the sea bottom
after days or weeks.

A pertinent question for the long-term maintenance of the cap is how often will earthquakes large
enough to cause large scale liquefaction and landsliding occur at the site. The return frequency
for seismically induced ground acceleration values high enough to initiate the liquefaction and
landsliding was examined using data developed and published by the United States Geologic
Survey (USGS) (2000). The USGS has considered all sources of potential earthquakes to
produce "hazard curves" that provide estimates of ground acceleration versus the frequency at
which these acceleration values are expected to be exceeded. The hazard curves are developed
assuming that subsurface conditions are midway between "rock" and a 'Very dense soil to soft
rock," i.e., midway between the Uniform Building Codes Soil Profile Types SB and Sc. A
modified hazard curve for Harbor Island is shown on Figure C-12, showing the return period for
various PGA values for the rock/dense soil condition. Also shown are estimates of the return
period for a "soft" soil profile (Soil Profile Type SE) that is representative of the site and that
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would predict dry ground PGA values on Harbor Island. Assuming that the submarine slopes
will see only about 60 percent of the PGA measured at the ground surface seismograph station
and that a submarine slope PGA of at least 0.18g would be needed to generate significant
liquefaction (30 percent above the liquefaction-triggering PGA level of 0.13), this figure suggests
that shaking strong enough to cause significant landsliding could be expected every 100 years or
more.

C.7 SLOPE STABILITY ANALYSES OF RA1 CAP

Attachment C-3 presents geotechnical evaluations of the RA1 cap, including the following:

• An evaluation of static and seismic slope stability for two cap transects
representative of the steepest cases where a 2H:1V revetment is placed above
existing slopes that are inclined at more than 10 degrees;

• An evaluation of statice slope stability for a temporary dredge cutback slope,
where the cutback extends to the toe of an existing revetment; and

• An analysis of downdrag forces on the Viewing Pier and likely effects of cap
placement around this structure.

The results are presented in Attachment C-3 and summarized in Section 4 of the Basis of Design.

C.8 SUMMARY

The existing slopes at the site are stable and appear to have remained stable during recent
magnitude 6.8 Nisqually earthquake. Slope stability analyses indicated that proper placement of
the cap will not result in unstable slopes for static loading conditions.

Bathymetric data suggest the presence of at least five features that are interpreted as past
landslides, most likely the result of historic earthquakes. Analyses indicate that moderate size
earthquakes like the Nisqually event will not cause large-scale landslides, but could cause
instability at localized oversteepened areas that can be found at the edges of some of the old
landslide features. Such moderate size seismic events would typically occur at 30- to 50-year
intervals, and potentially cause minor cap damage.
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Larger earthquakes with return periods of roughly 100 years or more (with an associated
submarine PGA of at least 0.18g) will likely cause substantial liquefaction that will result in large
scale landslides of size and shape similar to the historic slides suggested by the bathymetric data.
Such slides would typically involve individual slide masses approximately 20 feet deep, 100 feet
wide and several hundred feet long, which would run out to distances of at least several hundred
feet beyond the toe of the slide zone.

The slope failures that may result from these seismic events do not pose human health risks but
will cause short-term disruption to the benthic community in the affected slide zone. Such cap
damage will be repaired as part of the long-term operation and maintenance of the remedy.

Placement of too much cap soil at one time could result in a bearing capacity failure along the
edges of the cap placement area, where excessive deformation and cap disturbance and mixing
would occur. In RA4 and near the top of the slope in RA2, careful placement is considered
essential to minimize any bearing capacity failures that may trigger larger slides. In RA1 through
RA4, where the upper existing sediments are softest, the thickness of cap placed at one time
should be limited to relatively thin lifts. Subsequent lifts can be thicker. In RA5, where the
upper sediments are more competent, lift thickness in excess of 3 feet could theoretically be
placed at one time.

Slope stability analyses of the RA1 cap have led to specific design modifications, as summarized
in Section 4 of the Basis of Design. As designed, the RA1 cap has acceptable static and seismic
stability.
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for PGA of 0.13g at Cone Probe P12
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REGION 10

- 065-RD-RD-101L
PSR Superfund Site
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Figure C-10

Graphical Results of Post-Capping Seismic Slope Stability Analysis - SECTION 1

&EPA
REGION 10

Note: This figure shows the initial failure planes predicted by UTEXAS 4.0.
Subsequent movement and runout of material is not shown. 065-RD-RD-101L

PSR Superfund Site
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Figure C-11

Graphical Results of Post-Capping Seismic Slope Stability Analysis - SECTION 2
Note: This figure shows the initial failure planes predicted by UTEXAS 4.0.
Subsequent movement and runout of material is not shown. 065-RD-RD-101L

PSR Superfund Site
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FINAL DESIGN SUBMITTAL
PSR Superfund Site, Marine Sediment Unit
RAC, EPA Region 10
Work Assignment No. 065-RD-RD-101L

Appendix C
Date: 02/03/03

Page C-26

Table C-l
Estimated Primary Settlement of Sediments

RAl 17

RA2,RA3 12

RA4 1.5

RA5 B 13

RA5 B

RA5 1.5 B 4.5

W:\06500\100% Design Submitta!\Appendix C.wpd



FINAL DESIGN SUBMTTTAL
PSR Superfimd Site, Marine Sediment Unit
RAC, EPA Region 10
Work Assignment No. 065-RD-RD-101L

Appendix C
Date: 02/03/03

Page C-27

Table C-2
Summary of Shear Strength Parameters Used For Slope Stability Analyses

110 32

Organic Silt 110 35

Intermediate Silt 110 35 to 1,000

Silty Sand 110 32 0

Lower Silt 110 1,000

Silty Sand 110 35 0

W:\06500\l 00% Design Submitta1\Appendix C.wpd



FINAL DESIGN SUBMITTAL
PSR Superfund Site, Marine Sediment Unit
RAC, EPA Region 10
Work Assignment No. 065-RD-RD-101L

Appendix C
Date: 02/03/03

Page C-28

Table C-3
Calculated Factors of Safety from Static Slope Stability Analyses

SECTION 1 3.21 3.03

SECTION 1 - Shallow Failure 3.94 4.01

SECTION 2 1.58 1.73

W:\06500\l 00% Design Submittal\Appendix C.wpd



FINAL DESIGN SUBMITTAL
PSR Superfund Site, Marine Sediment Unit
RAC, EPA Region 10
Work Assignment No. 065-RD-RD-101L

Appendix C
Date: 02/03/03

Page C-29

Table C-4
Post-Capping Factors of Safety for Seismic Slope Stability Analyses

(Pseudostatic Approach)

SECTION 1 - Shallow Failure

Note: Assumes Seismic Coefficient of 0.065 (1/2 of PGA)

W:\06500\l 00% Design SubmittalXAppendix C.wpd



FINAL DESIGN SUBMITTAL
PSR Superfirnd Site, Marine Sediment Unit
RAC, EPA Region 10
Work Assignment No. 065-RD-RD-101L

Appendix C
Date: 02/03/03

Page C-30

Table C-5
Calculated Seismic Coefficients Corresponding to a Factor of Safety of 1.0

SECTION 1 0.14 0.11

SECTION 1 - Shallow Failure 0.20 0.19

SECTION 2 0.03 0.01

Note: Seismic Coefficient = Vz PGA

W:\06500\l 00% Design Submittal\Appendix C.wpd
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CONSOLIDATION ANALYSIS

CONSOL OUTPUT FILE PRINTOUT FOR MODEL A WITH CAP THICKNESS = 5 FT



CONSOL -- 1-D CONSOLIDATION ANALYSIS

— VERSION 2.0 —

VIRGINIA TECH DEPARTMENT OF CIVIL ENGINEERING

DATE: 3- 8-2002
INPUT FILE: H:\Consol\Psr-5.DAT
OUTPUT FILE: H:\Consol\Psr-5.OUT
PLOT FILE: H:\Consol\Psr-5.PLT

TITLE: PSR_MSU - Consolidation settlement

**** C O N T R O L D A T A ****

- 5 ft cap

NUMBER OF COMPRESSIBLE UNITS
NUMBER OF SOIL LAYERS
NUMBER OF DIFFERENT SOILS
ELEVATION OF THE GROUND SURFACE
ELEVATION OF THE TOP OF THE COMPRESSIBLE SOIL MASS .
GROUND WATER ELEVATION
UNIT WEIGHT OF WATER
MST. UT. WT. OF SOIL BTWN. GS & COMP. SOIL MASS ...
SAT. UT. WT. OF SOIL BTWN. GS & COMP. SOIL MASS ...

9
16
2

-31.40
-31.40

.00
62.40
130.00
130.00

**** U N I T B O U N D A R Y D A T A

UNIT
NUMBER

1
2
3
4
5
6
7
8
9

TOP
BOUNDARY

1
5
6
9
12
13
14
15
16

BOTTOM
BOUNDARY

4
5
8
11
12
13
14
15
16

DRAINAGE
CONDITION

2
2
2
2
2
2
2
2
2

**** S O I L P R O P E R T Y D A T A ****

SOIL
TYPE

1
2

UNIT
WEIGHT

92.80
110.00

VOID
RATIO

2.14
1.09

Cc

.57

.20

Ccs

.06

.02

Cv

500.00
990.00

Cvs

999.00
999.00

**** S U B L A Y E R D A T A ****

CENTER BOTTOM OVERBN PRECONS SOIL



LAYER ELEV ELEV THICK PRESSURE PRESSURE TYPE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

-33.20
-37.50
-42.50
-47.50
-52.50
-57.50
-62.50
-65.50
-69.00
-75.00
-83.00
-93.00
-103.00
-113.00
-123.00
-133.00

-35.00
-40.00
-45.00
-50.00
-55.00
-60.00
-65.00
-66.00
-72.00
-78.00
-88.00
-98.00
-108.00
-118.00
-128.00
-138.00

3.60
5.00
5.00
5.00
5.00
5.00
5.00
1.00
6.00
6.00
10.00
10.00
10.00
10.00
10.00
10.00

54.72
228.44
466.44
704.44
942.44
1180.44
1418.44
1561.24
1727.84
2013.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

54.72
228.44
466.44
704.44
942.44
1180.44
1418.44
1561.24
1727.84
2013.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

NUMBER OF LOADCASES TO BE ANALYSED:

**** L O A D C A S E : 1 ****
**** L A R G E A R E A L F I L L ****

TIME INTERVALS:
2.00 5.00

OLD FILL ELEVATION
NEW FILL ELEVATION
CHANGE IN FILL THICKNESS
MOIST UNIT WEIGHT OF FILL

LAYER

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

THICK.

.60

.00

.00

.00

.00

.00

.00

.00

.00
6.00

10.00
10.00
10.00
10.00
10.00
10.00

3.
5.
5.
5.
5.
5.
5.
1.
6.

.00
10.00

1ESS
FILL

.05
20.00

r OF FILL '.

VOID
RATIO

2.14
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09

INITIAL
PRESSURE

54.72
228.44
466.44
704.44
942.44
1180.44
1418.44
1561.24
1727.84
2013.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

.10 .2
50.00

-31
-26
5

130
130

PRECONS .
PRESSURE

54.72
228.44
466.44
704.44
942.44
1180.44
1418.44
1561.24
1727.84
2013.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

5 .50

.40

.40

.00

.00

.00

FINAL
PRESSURE

392.72
566.44
804.44
1042.44
1280.44
1518.44
1756.44
1899.24
2065.84
2351.44
2732.24
3208.24
3684.24
4160.24
4636.24
5112.24

1.00

ULT.
SETTL.

.56

.19

.11

.08

.06

.05

.04

.00

.04

.04

.05

.05

.04

.04

.03

.03

ULTIMATE SETTLEMENT WITHOUT CORRECTION FOR BUOYANCY : 1.43



**** TIME SINCE LOAD WAS APPLIED: .00

ELEVATION

-35.56
-39.56
-44.48
-49.39
-54.29
-59.21
-64.18
-67.15
-70.62
-76.59
-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

**** TIME SINCE

ELEVATION

-35.57
-39.57
-44.48
-49.39
-54.29
-59.22
-64.18
-67.15
-70.62
-76.59
-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

**** TIME SINCE

ELEVATION

-35.75
-39.68
-44.54
-49.43
-54.33
-59.25
-64.20
-67.17
-70.64
-76.60

EFFECTIVE
STRESS

308.45
359.92
682.19
704.44
942.44
1436.31
1674.31
1561.24
1963.23
2248.83
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

LOAD WAS APPLIED:

EFFECTIVE
STRESS

314.71
371.53
687.54
704.44
942.44
1442.66
1680.66
1561.24
1968.78
2254.38
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

LOAD WAS APPLIED:

EFFECTIVE
STRESS

388.11
550.25
792.86
704.44
942.44
1515.77
1753.77
1561.24
2055.76
2341.36

PORE
PRESSURE

84.27
206.52
122.25

.00

.00
82.13
82.13

.00
102.61
102.61

.00

.00

.00

.00

.00

.00

.01

PORE
PRESSURE

78.01
194.91
116.90

.00

.00
75.78
75.78

.00
97.06
97.06

.00

.00

.00

.00

.00

.00

.05

PORE
PRESSURE

4.61
16.19
11.58

.00

.00
2.67
2.67
.00

10.08
10.08



-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

**** TIME SINCE

ELEVATION

-35.76
-39.69
-44.54
-49.43
-54.33
-59.25
-64.21
-67.17
-70.64
-76.60
-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

**** TIME SINCE

ELEVATION

-35.76
-39.69
-44.54
-49.43
-54.33
-59.25
-64.21
-67.17
-70.64
-76.60
-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

**** TIME SINCE

ELEVATION

-35.76
-39.69

2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

LOAD WAS APPLIED :

EFFECTIVE
STRESS

392.54
565.81
803.98
704.44
942.44
1518.40
1756.40
1561.24
2065.26
2350.86
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

LOAD WAS APPLIED:

EFFECTIVE
STRESS

392.72
566.44
804.44
704.44
942.44
1518.44
1756.44
1561.24
2065.84
2351.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

LOAD WAS APPLIED:

EFFECTIVE
STRESS

392.72
566.44

.00

.00

.00

.00

.00

.00

.10

PORE
PRESSURE

.18

.63

.46

.00

.00

.04

.04

.00

.57

.57

.00

.00

.00

.00

.00

.00

.25

PORE
PRESSURE

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.50

PORE
PRESSURE

.00

.00



-44.54
-49.43
-54.33
-59.25
-64.21
-67.17
-70.64
-76.60
-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

**** TIME SINCE

ELEVATION

-35.76
-39.69
-44.54
-49.43
-54.33
-59.25
-64.21
-67.17
-70.64
-76.60
-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

**** TIME SINCE

ELEVATION

-35.76
-39.69
-44.54
-49.43
-54.33
-59.25
-64.21
-67.17
-70.64
-76.60
-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

804.44
704.44
942.44
1518.44
1756.44
1561.24
2065.84
2351.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

LOAD WAS APPLIED:

EFFECTIVE
STRESS

392.72
566.44
804.44
704.44
942.44
1518.44
1756.44
1561.24
2065.84
2351.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

LOAD WAS APPLIED:

EFFECTIVE
STRESS

392.72
566.44
804.44
704.44
942.44
1518.44
1756.44
1561.24
2065.84
2351.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

1.00 ****

PORE
PRESSURE

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

2.00 ****

PORE
PRESSURE

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00



**** TIME SINCE LOAD WAS APPLIED: 5.00

ELEVATION

-35.76
-39.69
-44.54
-49.43
-54.33
-59.25
-64.21
-67.17
-70.64
-76.60
-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

**** TIME SINCE

ELEVATION

-35.76
-39.69
-44.54
-49.43
-54.33
-59.25
-64.21
-67.17
-70.64
-76.60
-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

**** TIME SINCE

ELEVATION

-35.76
-39.69
-44.54
-49.43
-54.33
-59.25
-64.21
-67.17
-70.64

EFFECTIVE
STRESS

392.72
566.44
804.44
704.44
942.44
1518.44
1756.44
1561.24
2065.84
2351.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

LOAD WAS APPLIED:

EFFECTIVE
STRESS

392.72
566.44
804.44
704.44
942.44
1518.44
1756.44
1561.24
2065.84
2351.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

LOAD WAS APPLIED:

EFFECTIVE
STRESS

392.72
566.44
804.44
704.44
942.44
1518.44 ... :
1756.44
1561.24
2065.84

PORE
PRESSURE

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

10.00 ****

PORE
PRESSURE

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

20.00 ****

PORE
PRESSURE

.00

.00

.00

.00

.00

.00

.00

.00

.00



-76.60
-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

**** TIME SINCE LOAD

2351.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

.00

.00

.00

.00

.00

.00

.00

_

WAS APPLIED: 50.00 ****

EFFECTIVE
ELEVATION

-35.76
-39.69
-44.54
-49.43
-54.33
-59.25
-64.21
-67.17
-70.64
-76.60
-84.45
-94.20
-103.94
-113.68
-123.41
-133.14

FOR THIS LOAD CASE
TIME SETTLEMENT

.01 2.62

.05 2.83

.10 2.84

.25 2.84

.50 2.84
1.00 2.84
2.00 2.84
5.00 2.84

10.00 2.84
20.00 2.84
50.00 2.84

STRESS

392.72
566.44
804.44
704.44
942.44
1518.44
1756.44
1561.24
2065.84
2351.44
2394.24
2870.24
3346.24
3822.24
4298.24
4774.24

PORE
PRESSURE

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

ACCUMULATED
TIME

.01

.05

.10

.25

.50
1.00
2.00
5.00
10.00
20.00
50.00

SETTLEMENT

2.62
2.83
2.84
2.84
2.84
2.84
2.84
2.84
2.84
2.84
2.84

SURFACE
ELEVATION

-29.02
-29.23
-29.24
-29.24
-29.24
-29.24
-29.24
-29.24
-29.24
-29.24
-29.24

**** C O M P L E T E T I M E S E T T L E M E N T R E C O R D

TIME SETTLEMENT

.01

.05

.10

.25

.50
1.00
2.00

2.62
2.83
2.84
2.84
2.84
2.84
2.84



5.00
10.00
20.00
50.00

2.84
2.84
2.84
2.84



LIQUEFACTION ANALYSES

FIGURES

1) CPT-analyses, PGA = 0.22 g

2) SPT-analyses, PGA = 0.22 g

3) CPT-analyses, PGA corresponding to Factor of Safety = 1

4) SPT-analyses, PGA corresponding to Factor of Safety = 1

LIQUEFY-PRO OUTPUT FILE PRINTOUTS

1) CPT-analysis for probe P12, PGA = 0.22 g

2) SPT-analysis for boring B5, PGA = 0.22 g



LIQUEFACTION ANALYSIS
PSR-MSU CRT P1

Hole No.=P1 Water Depth=0 ft Surface Elev.=-26.3

Shear Stress Ratio

Magnitude=6.8
Acceleration=0.22g

Factor of Safety Settlement
0.5 0 1 2 0(in.) 10

— 5

— 10

— 15

— 20

— 25

<u>
3

— 30

t
o

CRR CSR
(Shaded Area: Liquefied)

Wet— Dry

I
— 35

-i

•URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P1

Hole No.=P1 Water Depth=0 ft Surface Elev.=-26.3

»o
Shear Stress Ratio

— 25

CRR CSR
(Shaded Area: Liquefied)

-35

Magnitude=b.~
Acceleration=0.22g

Factor of Safety Settlement
0.5 0 1 2 0(in.) 10

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU

HoleNo.=P2 Water Depth=0 ft Surface Elev.=-32.5

Shear Stress Ratio

-5

-10

— 15

-20

\ -25

&3 CRR CSR
(Shaded Area: Liquefied)

-30

Magnitude-6.8
Acceleration=0.22g

Factor of Safety Settlement
2 <M 5 0(in.) 10

~1 1 1 1 1 1 1 1 —

Wet— Dry—

-35

URS CPT P2 Seed Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P3

Hole No.=P3 Water Depth=0 ft Surface Elev.=-125.

Shear Stress Ratio
(ft) 0
— 0

Magnitude=6.o
Acceleration=0.22g

Factor of Safety -Settlement
0.5 0 1 2 0<7n.; 10

— 25

-30
CRR CSR

(Shaded Area: Liquefied)

— 35

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU P4

HoleNo.=P4 Water Depth=0 ft Surface Elev.=-20.9

Shear Stress Ratio

— 5

-10

— 15

— 20

! -25

! -30
CRB CSR

(Shaded Area: Liquefied)

Magnitude=6.8
Acceleration=0.22g

Factor of Safety Settlement
V7 0.5 0 1 2 OQn.j 10. __=_

Wet— Dry—

-35

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P5

HoleNo.=P5 Water Depth=0 ft Surface Elev.=-126.

1%
Shear Stress Ratio

- 10

- 15

-20

-25

i
CRR CSR

(Shaded Area: Liquefied)

~j— —

-30

— 35

Magnitude=6.*,
Acceleration=0.22g

Factor of Safety .Settlement
01 5 0(in.) 10

i T I I I I I i i i i it i i r

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P6

Hole No.=P6 Water Depth=0 ft Surface Elevr=-181.

f
.2
O

CRR CSR
(Shaded Area: Liquefied)

Magnitude=6.8
Acceleration=0.22g

Factor of Safety Settlement
0 .5 0 12 0(in.) . 10

<

Wet— Dry—

— 35

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P7

HoleNo.=P7 Water Depth=0 ft Surface Elev.=-20.3

ft
Shear Stress Ratio

— 5

— 10

— 15

-25

5

CRR CSR
(Shaded Area: Liquefied)

— 35

Magnitude=b.»'
Acceleration=0.22g

Factor of Safety Settlement
0.5 0 1 2 0(in.) 10

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P8

HoleNo.=P8 Water Depth=0 ft Surface Elev.=-82.4

Shear Stress Ratio

— 5

— 10

— 15

— 20

I -25

— 30

t
6

!

CRR CSR
(Shaded Area: Liquefied)

Magnitude=6.8
Acceleration=0.22g

Factor of Safety Settlement
101 5 0(in.) 10

1——

I/

Wet— Dry—

— 35

URS 53-F4006500 Plate A-1



•
Shear Stress Ratio

A °

— 10

t -

LIQUEFACTION ANALYSIS
PSR-MSU CPT P9

HoleNo.=P9 Water Depth=0 ft Surface Elev.=-133.

— 15

— 20

I -

I -25

T 1 1 i 1 i 1 T

& _ -y, CHH °SR

(Shaded Area: Liquefied)

— 35

Magnitude=6.u
Acceleration=0.22g

Factor of Safety Settlement
^7 2 01 5 0(in.) 10

i I I ill i I

Wet— Dry—

CJ
URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P10

Hole No.=P10 Water Depth=0 ft Surface Elev.=-155

§

I
£

CRR CSR
(Shaded Area: Liquefied)

Magnitude=6.8
Acceleration=0.22g

Factor of Safety Settlement
101 5 0(in.) 10

'T

Wet— Dry—

— 35

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P11

Hole No.=P11 Water Depth=0 ft Surface Elev.=-196.

ft
Shear Stress Ratio

— 5

-10

-15

-20

-25

3

— 30

b

D

|
e
>
e
t
o

CRR CSR
(Shaded Area: Liquefied)

— 35

Magnitude=b.~ '
Acceleration=0.22g

Factor of Safety Settlement
101 5 0(in.) 10

~\——

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU-CPT-P12

HoleNo.=P12 Water Depth=0 ft Surface Elev.=-28.2

Shear Stress Ratio

-10

— 20

— 30

— 40

\— 50 CRR CSR
(Shaded Area: Liquefied)

-60

— 70

Magnitude=6.8
Acceleration=0.22g

Factor of Safety Settlement
0.5 0 1 2 .0(in.) 50

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSUCPTP13

Hole No.=P13 Water Depth=0 ft Surface Elev.=-115.

Shear Stress Ftatio

— 5

— 10

— 15

— 20

— 25

i

— 30
CRR CSR

(Shaded Area: Liquefied)

~\—~"

Acceleration=0.22g

Factor of Safety Settlement
0 1 5 0(ln.) 10

t\ I I I ( 1 r

Wet— Dry—

g
eo
>
e — 35

URS 53-F4006500 Plate A-1



— 5

LIQUEFACTION ANALYSIS
PSR-MSUCPTP14

Hole No.=P14 Water Depth=0 ft Surface Elev.=-136.

Shear Stress Ratio

— w

— 15

— 20

-25

-30

CRR CSR
(Shaded Area: Liquefied)

-35

Magnitude=6.8
Acceleration=0.22g

Factor of Safety Settlement
0 . 5 0 1 2 0(in.) 1 0

c
c

Wet— Dry—

URS 53-F4006500 Plate A-1



K
LIQUEFACTION ANALYSIS

PSR-MSUCPTP15

HoleNo.=P15 Water Depth=0 ft Surface Elev.=-195.

— JO

Shear Stress Ratio
0

— 20

— 30

— 50

— 40

— 60

1 1 1 1

CSR
(Shaded Area: Liquefied)

— 70

1 1

Magnitude .̂**
Acceleration=0.22g

Factor of Safety Settlement
201 5 0(in.) 50

I I i I I I I i i i ii IT i i

IVef — Dry —

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSUCPTP16

HoleNo.=P16 Water Depth=0 ft Surface Elev.=-30.9

Shear Stress Ratio

— 10

— 20

— 30

— 40

— 50

|- CRR CSR
(Shaded Area: Liquefied)

— 60

-70

Magnitude=6.8
Acceleration^ 22g

Factor of Safety Settlement
0.5 0 1 2 0(in.) 50

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR_MSU P17

HoleNo.=P17 Water Depth=0 ft Surface Elev.=-89

Shear Stress Ratio

~\

i
2

— 30

Magnitude=6.
Acceleration=0.22g

Factor of Safety Settlement
0 1 5 OQn-) 10

i i i i i r i

CRR CSR
(Shaded Area: Liquefied)

Wet— Dry—

>
2a.
%

— 35

oJ
URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSUCPTP18

HoleNo.=P18 Water Depth=0 ft Surface Elev.=-143.

Shear Stress Ratio

— 5

— 25

— 30
C/?R CSR

(Shaded Area: Liquefied)

— 35

Magnitude=6.8
Acceleration=0.22g

Factor of Safety Settlement
0.5 0 1 2 0(in.) 10

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSUCPT19

Hole No.=P19 Water Depth=0 ft Surface Elev.=-177.

Shear Stress Ratio

I
I

O"
3

! —25

-30

CRR CSFt
(Shaded Area: Liquefied)

35

Magnitude=6.j
Acceleration=0.22g

Factor of Safety -Settlement
1 0 1 5 0(in.) 10

r ii i i i i

7

(

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU

Hole No.=B-1 Water Depth-0 ft Surface Elev.=-43.3

Flaw Unit Fines
(ft) SPT Weight %
— 0

7 110 86.3

Soil Description

7 110 57

ML

ML

— 5

7 110 18.8 MM

8 110 20

— 10

SM

SM

4 110 70
ML

5 110 31.8
SM

— 15

6 110 40

— 20

5 110 49.2

\-25 5 110 79.5

— 30 4 110 79.5

SM

SM/ML

ML

ML

— 35

Shear Stress Ratio
0

Magnitude=6.8
Acceleration=0.22g

Factor of Safety Settlement
0.5 0 1 OCin.) 10

CRFt CSft
(Shaded Area: Liquefied)

Wet— Dry—

URS SPT LIQUEFACTION ANALYSIS Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU

HoleNo.=B-2 Water Depth=0 ft Surface Elev.=-31 .4

Raw Unit Fines
(ft) SPT Weight %

— 0

Soil Description

— 10

OH

-50

— 40 8 110 79.5

— 60

— 70

SM/ML

SM

ML

SM

SM

SM

ML

SM

ML

ML

Acceleration=0.22g

Shear Stress Ratio
0

Factor of Safety Settlement
0.5 0 1 0(in.) 50

CRR CSR
(Shaded Area: Liquefied)

Wet— Dry—

URS SPT LIQUEFACTION ANALYSIS Plate A-1



r
LIQUEFACTION ANALYSIS

PSR-MSU

HoleNo.=B-3 Water Depth=0 ft Surface Elev.=-73.4

Raw Unit Fines
(ft) SPT Weight %
— 0

0 110 20

— 5

0 110 72.1

0 110 35

0 110 64.5

— 10

1 110 30

1 110 70

1 110 73

1 110 55

— 20

1 110 70

-25 1 110 46

— 30 1 110 80

-35

Soil Description

SM

SM

ML

SM

ML

ML

ML/SM

ML

ML/SM

ML

Magnitude=6.8
Aceeleration=0.22g

Shear Stress Ratio
0

Factor of Safety Settlement
0.5 0 1 OCm.) 50

CRR CSFt
(Shaded Area: Liquefied)

Wet— Dry—

URS SPT LIQUEFACTION ANALYSIS Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU

HoleNo.=B-4 Water Depth=0 ft Surface Elev.=-71.9

Raw Unit Fines
(ft) SPJ Weight %
~° 0 110 24

0 110 20
2 110 60
8 110 50
6 110 70
3 110 49
2 110 80
2 110 74

— 20 2 110 80

3 110 20

12 110 80

7 110 80

— 40 7 no 80

3 110 80

3 110 80

12 110 80

9 110 20

11 110 50

18 110 5

— 80 25 110 10

— 700

— 720

— 140

Acceleration=0.22g

Soil Description

_SM_
SM
SM
SM
SM/ML

Hill ML
SM/ML
ML
ML

ML

SM

ML

ML

ML

ML

ML

SM

SM

SW-SP

SP-SM

Shear Stress Ratio
0

Factor of Safety ..Settlement
0.5 0 1 20 (in.) 50

CRR CSR
(Shaded Area: Liquefied)

Wet— Dry—

URS SPT LIQUEFACTION ANALYSIS Plate A-1
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LIQUEFACTION ANALYSIS
PSR-MSU

9 HoleNo.=B-5 Water Depth=0 ft Surface Elev.=-35.3 Magnitude=6.8
Acceleration=0.22g

Raw Unit Fines Soil Description Shear Stress Ratio Factor of Safety Settlement
(ft)n SPTWeight % 0 ^ 0.5 0 1 0 Cm.) 50

o 110 BR I '

2 110 30 L

— 5

4 110 10

2 11O 9O

— 10

2 110 30

_
2 110 80 JW

— 75

2 1 1ft 71

4 110 80

— 20

25 3 110 48

— 30 3 110 80 JT,

qc o 1 1 n RA

1"

SM

I SM

ML

ML

SM/ML

ML

J5 8 110 80 ML

ft

1

|

1 1 1 1 1 \— I

=====

1
I
1

CRR CSR
(Shaded Area: Liquefied)

i I i i

Wet — Dry —

URS SPT LIQUEFACTION ANALYSIS Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU

HoleNo.=B-6 Water Depth=0 ft Surface Elev.=-35.3

Raw Unit Fines
(ft) SPT Weight %

— 0

0 110 55

Soil Description

— 5

0 110 80

0 110 85

0 110 46

— 10

0 110 80

ML

ML

SM/ML

ML

4 110 20 SM

— 75

4 110 30

3 110 30

— 20

3 110 45

SM

SM

SM

— 25

4 110 67

— 30

4 110 80

ML

ML

— 35 lilll

Magnitude=€i;cr
Acceleration=0.22g

Shear Stress Ratio
0

Factor of Safety Settlement
0.5 0 1 0(in.) 50

\

CRR CSR
(Shaded Area: Liquefied)

Wet— Dry—

URS SPT LIQUEFACTION ANALYSIS Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSUCPTP1

Hole No.=P1 Water Depth=0 ft Surface Elev.=-26.3

Shear Stress Ratio

-5

— 10

— 15

— 20

•>
o

-25

— 30
CflR CSR

(Shaded Area: Liquefied)

Magnitude-6.8
Acceleration=0.13g

Factor of Safety Settlement
0.5 0 1 5 Ofln.) 10

1—_ 11 i i i i i

Wet— Dry—

I—35

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU

Hole No.=P2 Water Depth=0 ft Surface Elev.=-32.5

Shear Stress Ratio

-5

- 15

-20

-25

CfiR CSR
(Shaded Area: Liquefied)

-30

E

— 35

Magnitude=(?.o"
Acceleration .̂ 13g

Factor of Safety - Settlement
201 5 0(7/7.; 10

>
\

Wet— Dry—

URS CRT P2 Seed Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSUCPTP3

HoleNo.=P3 Water Depth=0 ft Surface Elev.=-125. Magnitude=6.8
Acceleration=0. 13g

Factor of Safety Settlement
0.5 0 1 5 Ofln-)

-30

I TTI I I I

I

CRR CSR
(Shaded Area: Liquefied)

Wet— Dry—

o
S

2 — 35

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSUP4

Hole No.=P4 Water Depth=0 ft Surface Elev.=-20.9

Shear Stress Ratio

— 5

— 10

— 15

— 20

— 25

3

— 30

T 1

CRR CSR
(Shaded Area: Liquefied)

Magnitude=6.8
Acceleration .̂ 13g

-| 1—_

Factor of Safety Settlement
0.5 0 1 5 0(in.) 10

Wet— Dry—

— 35

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CPT P5

HoleNo.=P5 Water Depths/} ft Surface Elev.=-126.

ft

Shear Stress Ratio

— 5

— 10

— 15

-20

— 25

1 1 1 1 1 1 1——

CRR CSR
(Shaded Area: Liquefied)

— 30

— 35

Magnitude=6.8
Acceleration .̂ 13g

Factor of Safety Settlement
101 5 ' 0(in.) 10

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P6

Hole No.=P6 Water Depth=0 ft Surface Elev.=-181. Magnitude=t>.&
Acceleration .̂ 13g

Factor of Safety Settlement
0.5 0 1 5 0(in.) 10

N

I

I

— 30 ĈRR CSR
(Shaded Area: Liquefied)

1

Wet— Dry—

-35

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P7

Hole No.=P7 Water Depth=0 ft Surface Elev.=-20.3

Shear Stress Ratio

— 5

-10

— 15

20

— 25

— 30
CRR CSR

(Shaded Area: Liquefied)

— 35

CT

'I

Magnitude=6.8
Acceleration .̂ 13g

T —

Factor of Safety Settlement
0.5 01 5 0(in.) 10

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P8

Hole No.=P8 Water Depth=0 ft Surface Elev.=-82.4

<%
Shear Stress Ratio

— 5

- 10

-15

-20

1

5

— 25

! —30
CRR -. CSR

(Shaded Area: Liquefied)

~i r

Magnitude=6.o
Acceleration .̂ 13g

Factor of Safety Settlement
101 5 0(in.) 10

i a i i i i~m i IIM 11 i i i i

Wet— Dry—

— 35

URS 53-F4006500 Plate A-1



r
LIQUEFACTION ANALYSIS

PSR-MSU CRT P9

Hole No.=P9 Water Depth=0 ft Surface Elev.=-133.

— 5

— 10

15

— 20

I -25

g

Shear Stress Ratio

T ~1 1 i 1 1 1 —

— 30 CRR CSR
(Shaded Area: Liquefied)

Magnitude=6.8
Acceleration .̂ 13g

Factor of Safety Settlement
201 5 0(in.) 10

I III l i I I I

Wet— Dry—

— 35

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSUCPTP10

HoleNo.=P10 Water Depth=0 ft Surface Elev.=-155

ft

Shear Stress Ratio

— 30

I
o
>
2

Cfff? CSR
(Shaded Area: Liquefied)

Magnitude=6.tf
Acceleration .̂ 13g

Factor of Safety Settlement
vyJ 0 7 5 0(in.) 10

Wet— Dry—

— 35

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU CRT P11

HoleNo.=P11 Water Depth^O ft Surface Elev.=-196.

Shear Stress Ratio

— 5

— 10

— 15

— 20

— 25

— 30

1 1 1 1 1 1 1——

CRR CSR
5 r (Shaded Area: Liquefied)

I— 35

Magnitude=6.8
Acceleration .̂ 13g

Factor of Safety Settlement
1 01 5-0(in.) 10

r i i i i I I I * i i i i

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU-CPT-P12

Hole No.=P12 Water Depth=0 ft Surface Elev.=-28.2

Shear Stress Ratio

— 10

— 20

— 30

•40

i i

— 50 CRR CSR
(Shaded Area: Liquefied)

— 60

— 70

-
Magnitude=6.8

Acceleration .̂ 13g

Factor of Safety • Settlement
0.5 01 5 0(in.) 10

I H I I I I I I I I I I I I

Wet— Dry—

\

UPS 53-F4006500 Figure BBBB



LIQUEFACTION ANALYSIS
PSR-MSUCPTP13

Hole No.=P13 Water Depth=0 ft Surface Elev.=-115.

Shear Stress Ratio

— 5

— 10

i
L

\— 30

g
B

a —35

i r r i

CFtR CSR
(Shaded Area: Liquefied)

Magnitude=6.8
Acceleration .̂ 13g

Factor of Safety Settlement
201 5 0(in.) 10

i I-TI i i i i i

Wet— Dry—

URS 53-F4006500 Figure VVV



LIQUEFACTION ANALYSIS

f
PSR-MSUCPTP14

Hole No.=P14 Water Depth=0 ft Surface Elev.=-136.

Shear Stress Ratio

— 5

— 10

— 15

*
— 20

— 25

— 30

1 T

CRR CSR
(Shaded Area: Liquefied)

— 35

./
Magnitude=6.tt

Acceleration .̂ 13g

Factor of Safety ~ Settlement
0.5 0 1 5 6 Cm.) 10

1 T ~\ —

>

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSUCPTP15

k
~ HoleNo.=P15 Water Depth=0 ft Surface Elev.=-1 95. Magnitude=6.8

Acceleration .̂ 13g

Shear Stress Ratio
(ft) 0 ^7 2

— 10

— 20

£
y

— 40

— 50

— 60

LL_ ' ' ' ' ' ' ' ' —

f
^

p̂
,

r~
!

ORR CSR
(Shaded Area: Liquefied)

Factor of Safety
0 t 5 "

1 1 1 1 1 I 1

[

>

Settlement
0(iri.) 10

Wet — Dry —

— 70

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSUCPTP16

Hole No.=P16 Water Depth=0 ft Surface Elev.=-30.9

Shear Stress Ratio

— 10

— 20

— 30

— 40

— 50

CFIFt CSR
(Shaded Area: Liquefied)

Magnitude=6.3
AccelerationsO. 13g

Factor of Safety Settlement
0.5 0 1 2 0(in.) 10

i I —

Wet— Dry—

— 60
£

ci
5

— 70

o
URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS
PSR_MSU P17

HoleNo.=P17 Water Depth=0 ft Surface Elev.=-89

o
Shear Stress Ratio

— 5

-10

.
— 20

-25

i l

— 30

U CRR
(Shaded Area: Liquefied)

— 35

Magnitude=6.8
Acceleration .̂ 13g

Factor of Safety Settlement
101 5 0(in.) 10

T I I I 1 I I

Wet— Dry—

URS 53-F4006500 Plate A-1



LIQUEFACTION ANALYSIS

P
PSR-MSUCPTP18

Hole No.=P18 Water Depth-0 ft Surface Elev.=-143. Magnitude-6:o
Acceleration .̂ 13g

— 5

— 10

— 15

*
— 20

— 25

I
2

f 1— 30

Ih
o

Shear Stress Ratio

1

Factor of Safety • Settlement
0.5 0 1 5 Ofln.) 10

"I——

CRR CSR
(Shaded Area: Liquefied)

Wet— Dry—

URS 53-F4006500 Plate A-1



— 5

LIQUEFACTION ANALYSIS
PSR-MSUCPT19

Hole No.=P19 Water Depth=0 ft Surface Elev.=-177.

Sheaf Stress Ffatio

— 10

— 15

— 20

— 30

CRR CSR
(Shaded Area: Liquefied)

~l—•*—

Magnitude=6.8
Acceleration .̂ 13g

Factor of Safety Settlement
101 5 Ofin.) JO

I I I

Wet— Dry—

— 35

URS 53-F4006500 Plate A-1



f
LIQUEFACTION ANALYSIS

PSR-MSU

Hole No.=B-1 Water Depth=0 ft Surface Elev.=-43.3

Raw Unit Fines Soil Description
(ft) SPT Weight %
— 0

7 110 86.3

7 110 57

7 110 18.8

ML

ML

SM

8 110 20
SM

— 10

4 110 70

5 110 31.8

6 110 40

5 110 49.2

ML

L25 5 110 79.5

— 30 4 110 79.5

SM

SM

SM/ML

ML

ML

-35

Shear Stress Ratio
0

Magnitude=6.a
Acceleration=0.13g

Factor of Safety Settlement
0 . 5 0 1 2 Opn.) 1 0

CRR CSR
(Shaded Area: Liquefied)

Wet— Dry—

URS SPT LIQUEFACTION ANALYSIS Plate A-1



•I

LIQUEFACTION ANALYSIS
PSR-MSU

k
w HoleNo.=B-2 Water Depth=0 ft Surface Eley.=-31. 4 Magnitude=6.8

Acceleration=0.08g

Raw Unit Fines Soil Description Shear Stress Ratio Factor of Safety Settlement
(ft) ̂  SPT Weight % o ^ 0.5 0 1 50 (in.) 10

1 110 65.8 ?

%

1 110 52.1 ^

— 5

1 11O ">f\ r»

.

1 110 671 I

''%• °H

SM/WL

i

1 nn °n Illllii, , „ : ,»

1 110 40 \

2 110 40 tt

*
c 110 7O ctt

-20

P*> 5> 11O ftft

1

i*> "^ 11 n 70 ^ t

m SM

L
SM

^

ML

J& d 110 79.5 ML

•

l

i

CRR CSR
(Shaded Area: Liquefied)

1 1 1 1 1 1 1 i i i i i i i i i

Wet — Dry —

URS SPT LIQUEFACTION ANALYSIS Plate A-1



F
LIQUEFACTION ANALYSIS

PSR-MSU

HoleNo.=B-3 Water Depth=0 ft Surface Elev.=-73.4

Raw Unit Fines Soil Description
(ft) SPT Weight %
— 0

— 5

0 110 20

0 110 72.1

0 110 35

0 110 64.5

— 10

1 110 30

1 110 70

1 110 73

1 110 55

— 20

1 110 70

— 25 1 110 46

— 30 1 110 80

—35

SM

ML

SM

ML

SM

ML

ML

ML/SM

ML

ML/SM

ML

Shear Stress Ratio
0

Magnitude=b.o
Acceleration=0.06g

Factor of Safety Settlement
0.5 0 1 2 0(in.) 10

CRR CSR
(Shaded Area: Liquefied)

i i i i i i i i

Wet— Dry—

URS SPT LIQUEFACTION ANALYSIS Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU

HoleNo.=B-4 Water Depth=0 ft Surface Elev.=-71.9

Raw Unit Fines
(ft) SPT Weight %

0 110 24

0 110 20

2 110 60

8 110 50

l~r° 6 110 70

3 110 49

2 110 80

2 110 74

Soil Description

— 20 2 110 80

3 110 20

1—30

•

12 110 80

7 110 80

— 40 7 110 80

3 110 80

— 50 3 110 80

12 110 80

— 60 9 110 20

11 110 50

— 70

SM

SM

SM

SM

SM/ML

ML

SM/ML

ML

ML

ML

SM

ML

ML

ML

ML

ML

SM

SM

Magnitude=6.8
Acceleration .̂ 09g

Shear Stress Ratio
0

Factor of Safety Settlement
0.5 0 1 5 0(in.) 10

I I I I I I IT

CRfl CSR
(Shaded Area: Liquefied)

Wet— Dry—

URS SPT LIQUEFACTION ANALYSIS Plate A-1



LIQUEFACTION ANALYSIS
PSR-MSU

— 5

Hole No.=B-5 Water Depth=0 ft Surface Elev.=-35.3

Raw Unit Fines
(ft) SPT Weight %
— 0

2 110 88

Soil Description

OH

2 110 30

4 110 10

2 110 20

— 10

2 110 30

— 15

2 110 71

3SID -

4 110 80

l—20

-25 3 110 48

-30 3 110 80

— 35 8 110 80

SM

SM

SM

SM

2 110 80 jftl
ML

ML

ML

SM/ML

ML

ML

Magnitude=b.ii
Acceleration=0.09g

Shear Stress Ratio
0

Factor of Safety Settlement
0.5 0 1 2 0(in.) 10

I i i i r I I i i

CRR CSR
(Shaded Area: Liquefied)

I I i i i i I

Wet— Dry—

URS SPT LIQUEFACTION ANALYSIS Plate A-1
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LIQUEFACTION ANALYSIS
PSR-MSU

"' HoleNo.=B-6 Water Depth=0 ft Surface Elev.=-35.3 Magnitude=6.8
Acceleration=0.06g

Raw Unit Fines Soil Description Shear Stress Ratio Factor of Safety Settlement
(ft)n SPT Weight % 0 ĵ 0.5 0 1 2 0 (in.) 1O

0 11ft *K

G un fin

— 5

0 11 A DC

0 110 46

-10
n nft on30

4 110 20 LU
1

K l4 nn "vi tini iiu ju a+]

Q 110 on

— 20

3 110 45

;
— 25 |ft

4 11 0 R7 KU

-30

4 1 1 f t f i n

35

ML

ML

ML

SM/ML

I ML

I
fflj SM

SM

SM

SM

I ML

ML

»

I

\

i i i i i i — i

^

CRR CSR
(Shaded Area: Liquefied)

i i i i i i i i

/̂

I I i i i i i i i

Wet — Dry —

URS SPT LIQUEFACTION ANALYSIS Plate A-1



liquefy.cal

LIQUEFACTION ANALYSIS CALCULATION SHEET
Copyright by CivilTech Software

www.civiltech.-com
(425) 453-6488 Fax (425) 453-5848

Licensed to URS Corp.
Earthquake Magnitude= 6.8
Depth of Hole= 49.3 ft

Max. Acceleration 0.22 g
Depth of Water Table= 0.0 ft

Input
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

Data:
Depth
ft

0.1
0.2
0.3
0.5
0.6
0.7
0.9
1.0
1.1
1.2
1.4
1.5
1.6
1.8
1.9
2.0
2.2
2.3
2.4
2.6
2.7
2.8
3.0
3.1
3.2
3.3
3.5
3.6
3.7
3.9
4.0
4.1
4.3
4.4
4.5
4.7
4.8
4.9
5.1
5.2
5.3
5.4
5.6
5.7
5.8
6.0
6.1
6.2
6.4
6.5
6.6
6.8
6.9
7.0
7.2
7.3
7.4
7.5
7.7
7.8
7.9
8.1
8.2

qc
tsf

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.7
0.5
0.5
0.5
0.5
0.5
0.5
0.7
0.9
0.9
0.7
1.1
1.4
2.1
3.2
2.8
3.9
15.6
24.3
33.0
39.7
29.8
25.5
11.5
5.5
3.4
4.8
5.3
4.8
4.4
4.6
6.0
7.8
6.6
6.2
3.4
5.3
4.1
3.7
6.9
10.5
15.6
16.5
18.4
19.3
19.3
20.2

fs
tsf

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.1
0.1
0.1
0.1
0.2
0.1
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Gamma
pcf

110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
-110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0

Fines
%
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
88.0
80.0
80.0
80.0
80.0
50.0
40.0
40.0
40.0
40.0
40.0
50.0
88.0
80.0
75.0
75.0
75.0
80.0
80.0
75.0
75.0
75.0
75.0
80.0
75.0
80.0
80.0
70.0
70.0
50.0
50.0
50.0
50.0
50.0
50.0

D50
mm

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.8
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
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liquefy.cal
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

8.3
8.5
8.6
8.7
8.9
9.0
9.1
9.3
9.4
9.5
9.6
9.8
9.9
10.0
10.2
10.3
10.4
10.6
10.7
10.8
10.9
11.1
11.2
11.4
11.5
11.6
11.7
11.9
12.0
12.1
12.3
12.4
12.5
12.7
12.8
12.9
13.1
13.2
13.3
13.4
13.6
13.7
13.8
14.0
14.1
14.2
14.4
14.5
14.6
14.8
14.9
15.0
15.1
15.3
15.4
15.6
15.7
15.8
15.9
16.1
16.2
16.3
16.5
16.6
16.7
16.9
17.0
17.1
17.3
17.4
17.5
17.6
17.8
17.9
18.0
18.2
18.3
18.4

20.2
20.0
19.5
20.2
20.9
20.4
21.8
21.3
21.1
17.4
14.4
11.7
11.0
5.3
11.7
13.5
13.5
14.4
12.4
10.5
8.0
7.6
7.6
6.9
4.6
7.3
9.6
6.6
5.3
3.7
3.0
5.7
5.5
9.6
10.5
8.9
9.6
11.0
5.1
9.6
8.5
9.4
9.4
9.2
9.4
8.7
6.9
8.3
11.5
14.9
11.0
9.2
7.3
6.6
9.2
9.2
7.3
5.3
6.6
7.1
7.3
6.6
7.6
6.0
9.6
9.4
10.1
10.3
7.3
8.3
13.8
12.1
9.4
6.9
6.2
12.4
18.6
20.2

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.2
0.1
0.1
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.1
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.1
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.1
0.2
0.2
0.2
0.1
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.3
0.3
0.2
0.2
0.2
0.2
0.3
0.2
0.2

110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0

40.0
40.0
50.0
40.0
40.0
40.0
40.0
40.0
40.0
50.0
50.0
50.0
70.0
70.0
70.0
50.0
50.0
50.0
70.0
70.0
70.0
70.0
70.0
70.0
80.0
75.0
70.0
75.0
80.0
80.0
80.0.
80.0
80.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
75.0
75.0
70.0
50.0
70.0
70.0
75.0
80.0
75.0
75.0
75.0
80.0
80.0
75.0
75.0
75.0
75.0
80.0
70.0
70.0
70.0
70-0
75.0
80.0
70.0
70.0
75.0
80.0
80.0
70.0
50.0
50.0

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0-1
0.1
0.1
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142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

18.6
18.7
18.8
19.0
19.1
19.2
19.4
19.5
19.6
19.8
19.9
20.0
20.1
20.3
20.4
20.5
20.7
20.8
20.9
21.1
21.2
21.3
21.5
21.6
21.7
21.9
22.0
22.1
22.2
22.4
22.5
22.6
22.8
22.9
23.0
23.2
23.3
23.4
23.5
23.7
23.8
24.0
24.1
24.2
24.3
24.5
24.6
24.7
24.9
25.0
25.1
25.3
25.4
25.5
25.6
25.8
25.9
26.0
26.2
26.3
26.4
26.6
26.7
26.8
27.0
27.1
27.2
27.4
27.5
27.6
27.8
27.9
28.0
28.1
28.3
28.4
28.5
28.7

16.0
11.0
8.9
6.6
4.8
4.6
4.1
5.3
7.3
10.8
5.3
10.3
9.9
9.9
8.9
5.7
4.4
4.1
9.9
13.1
11.7
13.3
15.6
12.8
11.2
11.7
11.2
8.7
7.3
10.1
15.6
16.5
18.4
17.4
13.1
11.2
10.5
5.7
4.4
5.5
8.5
8.9
7.8
7.6
8.9
8.5
6.9
7.1
6.6
5.5
5.7
6.2
7.1
6.4
6.6
6.6
7.1
8.3
8.5
8.7
7.6
7.8
6.9
6.9
7.8
7.6
6.9
7.1
6.4
6.4
6.2
6.4
6.2
6.2
6.2
7.3
7.1
6.0

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.3
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.3
0.3
0.2
0.2
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
iio.o
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0

50.0
70.0
75.0
80.0
80.0
80.0
80.0
80.0
75.0
70.0
80.0
70.0
70.0
70.0
75.0
80.0
80.0
80.0
70.0
70.0
70.0
70.0
50.0
70.0
70.0
70.0
70.0
75.0
75.0
70.0
50.0
50.0
50.0
50.0
70.0
70.0
70.0
80.0
80.0
80.0
75.0
75.0
75.0
80.0
75.0
75.0
75.0
75.0
75.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
80.0
75.0
75.0
75.0
75.0
75.0
80.0
80.0
75.0
75.0
75.0
80.0
80-0
80.0
80.0
80.0
80.0
80.0
80.0
75.0
75.0
80.0

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
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220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297

28.8
28.9
29.1
29.2
29.3
29.5
29.6
29.7
29.9
30.0
30.1
30.2
30.4
30.5
30.6
30.8
30.9
31.0
31.2
31.3
31.4
31.6
31.7
31.8
32.0
32.1
32.2
32.3
32.5
32.6
32.7
32.9
33.0
33.1
33.3
33.4
33.5
33.7
33.8
33.9
34.0
34.2
34.3
34.4
34.6
34.7
34.8
35.0
35.1
35.2
35.4
35.5
35.6
35.8
35.9
36.0
36.2
36.3
36.4
36.5
36.7
36.8
36.9
37.1
37.2
37.3
37.5
37.6
37.7
37.9
38.0
38.1
38.3
38.4
38.5
38.6
38.8
38.9

8.3
7.8
8.7
17.2
24.5
24.3
21.3
9.6
19.7
17.2
13.5
9.9
8.3
7.8
6.4
6.6
7.8
7.3
7.3
6.6
7.3
7.8
6.9
6.2
6.0
5.7
5.7
6.0
7.6
10.1
12.1
13.8
10.3
13.1
11.2
11.9
15.8
15.8
15.4
10.3
7.8
6.2
6.9
7.8
7.6
8.5
8.7
8.0
7.1
6.4
6.9
13.8
17.2
13.1
8.9
7.1
8.5
9.9
24.3
29.1
28.2
29.6
28.7
23.9
18.1
14.0
14.0
21.5
30.7
30.3
28.0
23.4
19.0
22.7
23.6
21.8
22.0
20.4

0.2
0.2
0.2
0.3
0.3
0.2
0.2
0.3
0.3
0.2
0.2
0.3
0.3
0.3
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.1
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.3
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.3
0.3
0.1
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.4
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3

110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0

75.0
75.0
75.0
50.0
50.0
30.0
50.0
75.0
50.0
50.0
70.0
75.0
80.0
80.0
80.0
80.0
75.0
75.0
75.0
80.0
75.0
75.0
75.0
80.0
80.0
80.0
80.0
80.0
75.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
50.0
50.0
50.0
70.0
75.0
80.0
80.0
75.0
75.0
75.0
75-0
80.0
80.0
80.0
75.0
70.0
50.0
70.0
75-0
80.0
75.0
70.0
50.0
40.0
40.0
40.0
40.0
50.0
50.0
70.0
70.0
50.0
40.0
40.0
40.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Page 4



liquefy.cal
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375

39.0
39.2
39.3
39.4
39.6
39.7
39.8
40.0
40.1
40.2
40.3
40.5
40.6
40.7
40.9
41.0
41.1
41.3
41.4
41.5
41.7
41.8
41.9
42.1
42.2
42.3
42.5
42.6
42.7
42.8
43.0
43.1
43.2
43.4
43.5
43.6
43.8
43.9
44.0
44.2
44.3
44.4
44.5
44.7
44.8
44.9
45.1
45.2
45.3
45.5
45.6
45.7
45.9
46.0
46.1
46.3
46.4
46.5
46.7
46.8
46.9
47.0
47.2
47.3
47.4
47.6
47.7
47.8
48.0
48.1
48.2
48.3
48.5
48.6
48.8
48.9
49.0
49.1

18.8
18.4
20.6
19.3
6.2
12.8
14.7
15.4
15.6
16.3
22.2
29.1
32.1
37.2
39.5
38.8
34.4
28.7
29.6
31.2
30.0
28.7
30.5
30.0
24.8
20.9
17.2
16.3
17.7
8.9
20.4
19.5
17.9
16.0
14.0
13.8
17.4
20.2
25.0
25.9
29.1
26.6
21.8
19.7
20.2
23.2
22.0
18.8
17.2
14.0
12.4
16.5
23.6
19.0
20.2
21.3
21.3
17.4
17.4
14.9
13.8
25.7
24.8
19.7
16.0
16.0
19.3
18.1
16.3
15.6
14.7
14.0
12.4
13.8
14.7
12.6
11.5
14.9

0.2
0.2
0.2
0.2
0.1
0.3
0.3
0.3
0-3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.2
0.3
0.2
0.2
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.4
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.2
0.2
0.3
0.3
0.3
0.3
0.3
0.3
0.4
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.2
0.2
0.3
0.3
0.2
0.2
0.3

110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0

50.0
50.0
50.0
50.0
75.0
70.0
70.0
70.0
50.0
50.0
50.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
50.0
50.0
50.0
50.0
50.0
70.0
50.0
50.0
50.0
50.0
70.0
70.0
50.0
50.0
50.0
40.0
40.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
70.0
70.0
70.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
70.0
70.0
50.0
50.0
50.0
50.0
70.0
50.0
50.0
50.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
50.0

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1.
0.1
0.1
0.1
0.1
0.2
0.2
0.1
0.1
0.1
0.1
0-1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
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376 49.3 16.0 0.3 110.0
liquefy
50.0

.cal
0.1

CSR Calculation:
Depth
f t

0.10
2.10
4.10
6.10
8.10
10.10
12.10
14.10
16.10
18.10
20.10
22.10
24.10
26.10
28.10
30.10
32.10
34.10
36.10
38.10
40.10
42.10
44.10
46.10
48.10

SigT
tsf

0.006
0.116
0.226
0.335
0.445
0.555
0.666
0.776
0.886
0.996
1.106
1.215
1.325
1.435
1.545
1.655
1.765
1.875
1.985
2.095
2.205
2.315
2.425
2.536
2.646

CPT Calculation
Depth
ft

0.10
2.10
4.10
6.10
8.10
10.10
12.10
14.10
16.10
18.10
20.10
22.10
24.10
26.10
28.10
30.10
32.10
34.10
36.10
38.10
40.10
42.10
44.10
46.10
48.10

CPT
tsf

0.5
0.6
2.9
4.6
19.5
8.5
4.0
9.4
7.2
9.1
10.0
8.9
7.8
8.3
6.2
13.8
5.7
7.2
8.0
24.1
15.7
28.4
25.5
20.0
15.5

SigE
tsf

0.002
0.050
0.098
0.145
0.193
0.240
0.288
0.336
0.383
0.431
0.478
0.526
0.574
0.621
0.669
0.716
0.764
0.812
0.859
0.907
0.954
1.002
1.050
1.097
1.145

using
fric.
tsf

0.0
0.0
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.3
0.3
0.3
0.3
0.3
0.2
0.3

rd

1.00
1.00
0.99
0.99
0.98
0.98
0.97
0.97
0.96
0.96
0.95
0.95
0.94
0.94
0.93
0.93
0.91
0.90
0.88
0.86
0.85
0.83
0.82
0.80
0.78

Seed's
Cg

2.2
2.1
2.0
1.9
1.8
1.7
1.7
1.6
1.5
1.5
1.4
1.4
1.3
1.3
1.2
1.2
1.2
1.1
1.1
1.1
1.0
1.0
1.0
0.9
0.9

CSR

0.33
0.33
0.33
0.33
0.32
0.32
0.32
0.32
0.32
0.32
0.31
0.31
0.31
0.31
0.31
0.31
0.30
0.30
0.29
0.29
0.28
0.27
0.27
0.26
0.26

Method :
D50
mm

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

qcl+
tsf

1.03
1.22
5.76
8.74
35.29
14.68
6.69
14.90
10.89
13.24
14.08
12.09
10.17
10.57
7.60
16.39
6.61
8.02
8.63
25.41
16.06
28.40
24.84
18.98
14.37

dqcl=
tsf

60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00
60.00

qcl
tsf

61.03
61.22
65.76
68.74
95.29
74.68
66.69
74.90
70.89
73.24
74.08
72.09
70.17
70.57
67.60
76.39
66.61
68.02
68.63
85.41
76.06
88.40
84.84
78.98
74.37

CRRraw

0.13
0.14
0.15
0.16
0.26
0.18
0.15
0.18
0.17
0.17
0.18
0.17
0.16
0.16
0.15
0.18
0.15
0.16
0.16
0.22
0.18
0.23
0.22
0.19
0.18

Factor of Safety Calculation:
Earthquake Magnitude= 6.8
Depth SigC Ksigma CRR
ft

MSF CSRm F.S.

0.10
2.10
4.10
6.10
8.10
10.10
12.10
14.10
16.10
18.10
20110

0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76

1
1
1
1
1
1
1
1
1
1
1

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

13
14
15
16
26
18
15
18
17
17
18

1
1
1
1
1
1
1
1
1
1
1

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

0
0
0
0
0
0
0
0
0
0
0

.26

.26

.25

.25

.25

.25

.25

.25

.25

.25

.25

0.52
0.53
0.58
0.62
1.03
0.71
0.61
0.72
0.67
0.70
0.72

*

*

4

*

*

*

*

*

*

*
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liquefy.
22.10
24.10
26.10
28.10
30.10
32.10
34.10
36.10
38.10
40.10
42.10
44.10
46.10
48.10

0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76
0.76

* F.S.<1

Settlement of
Depth
ft

CSR

1
1
1
1
1
1
1
1
1
1
1
1
1
1

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

Saturated
F.s.

0.17
0.16
0.16
0.15
0.18
0.15
0.16
0.16
0.22
0.18
0.23
0.22
0.19
0.18

Soils:
qcl
tsf

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

Dr
%

28
28
28
28
28
28
28
28
28
28
28
28
28
28

0
0
0
0
0
0
0
0
0
0
0
0
0
0

.24

.24

.24

.24

.24

.23

.23

.23

.22

.22

.21

.21

.21

.20

epsvol
%

cal
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
1.
1.
0.
0.

69
67
68
64
77
64
68
70
98
84
08
03
94
88

ds/dz
in.

*

*

*

*

*

*

*

* -

*

*

*

*

Settlement
in.

48.1
46.1
44.1
42.1
40.1
38.1
36.1
34.1
32.1
30.1
28.1
26.1
24.1
22.1
20.1
18.1
16.1
14.1
12.1
10.1
8.1
6.1
4.1
2.1
0.1

0.20
0.21
0.21
0.21
0.22
0.22
0.23
0.23
0.23
0.24
0.24
0.24
0.24
0.24
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.26
0.26

0.88
0.94
1.03
1.08
0.84
0.98
0.70
0.68
0.64
0.77
0.64
0.68
0.67
0.69
0.72
0.70
0.67
0.72
0.61
0.71
1.03
0.62
0.58
0.53
0.52

74.37
78.98
84.84
88.40
76.06
85.41
68.63
68.02
66.61
76.39
67.60
70.57
70.17
72.09
74.08
73.24
70.89
74.90
66.69
74.68
95.29
68.74
65.76
61.22
61.03

57.00
59.20
61.81
63.30
57.82
62.06
54.05
53.73
52.96
57.98
53.50
55.07
54.87
55.86
56.86
56.44
55.24
57.26
53.01
57.15
65.98
54.11
52.50
49.91
49.80

2.110
1.938
1.645
1.502
2.093
1.711
2.347
2.370
2.417
2.115
2.388
2.296
2.309
2.250
2.190
2.217
2.288
2.168
2.417
2.176
1.503
2.355
2.445
2.612
2.620

0.025
0.023
0.020
0.018
0.025
0.021
0.028
0.028
0.029
0.025
0.029
0.028
0.028
0.027
0.026
0.027
0.027
0.026
0.029
0.026
0.018
0.028
0.029
0.031
0.031

0.312
0.787
1.238
1.714
2.071
2.541
2.967
3.521
4.057
4.619
5.132
5.695
6.257
6.779
7.305
7.831
8.365
8.895
9.431
9.945
10.333
10.835
11.265
11.885
12.514

Below Water Table
Settlement of Saturated Soils=12.514 in.

Settlement of
Depth SigC
ft tsf

48.1
46.1
44.1
42.1
40.1
38.1
36.1
34.1
32.1
30.1
28.1
26.1
24.1
22.1
20.1
18.1
16.1
14.1
12.1
10.1
8.1
6.1
4.1
2.1

0.74
0.71
0.68
0.65
0.62
0.59
0.56
0.53
0.50
0.47
0.43
0.40
0.37
0.34
0.31
0.28
0.25
0.22
0.19
0.16
0.13
0.09
0.06
0.03

Dry Soils:
Gmax gamG/G
tsf

616.2
646.1
675.3
681.8
576.7
630.2
468.1
446.6
412.8
501.9
400.4
419.4
399.8
400.6
398.0
373.2
336.8
343.1
262.3
295.1
334.3
209.4
160.5
83.5

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

gamef f

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

ep7.5

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
0 . OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

ep/7.5

6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO
6.1EO

epsvol

2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO

ds/dz
in.

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

Settlement
in.

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
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liquefy.cal
0.1 0.00 2S.2 O.OEO O.OEO O.OEO 6.1EO 2.6EO O.OEO 0.000 * ^

* Below Water Table ../
Settlement of Dry Soils=0.000 in.
Total Settlement of Wet and Dry Soils=12.514 in.

Units Depth=ft, Stress=tsf (atm), gamma=pcf, Sett.=in.

Gamma Unit weight of soil
Fines Fines content [%]
D50 Mean grain size
SigT Total vertical stress [tsf]
SigE Effective vertical stress [tsf]
rd Stress reduction coefficient
CSR Cyclic stress ratio by a given earthquake
SPT Result from Standard Penetration Test (SPT)
BPT Result from Becker Penetration Test (BPT)
Cer Hammer energy efficiency correction factor
On Overburden stress correction factor
d(Nl)60 Fines correction of SPT
(Ml)60 SPT after Fines and Overburden correction
CPT Tip resistance from Cone Penetration Test (CPT)
fric. Friction from CPT testing
Cq Overburden stress correction factor
D50 Mean grain size
qcl CPT after Overburden stress correction
dqcl Fines correction of CPT .
qc CPT after Fines and Overburden correction
SigC Effective confining pressure [tsfJ
Ksigma Overburden stress correction factor for CRR
CRRraw Before overburden stress correction. CRR=CRRraw*Ksigma
CRR Cyclic resistance ratio
MSF Magnitude scaling factor for FS.
CSRm After magnitude scaling correction. CSRm=CSR/MSF
F.S. Factor of safety against liquefaction
Dr Relative Density
epsvol Volumetric strain
ds/dz Settlement in each sublayer dz
dz Height of sublayer for calculation, dz=0.10 ft
gamG/G Strain-modulus ratio
ep7.5 Volumetric Strain for M=7.5
ep/7.5 Magnitude correction factor for any M

Input File: K:\163\Pacific Sound Resources\Geotech\Analyses\Liquefaction analysis\final\PGA=0.22\
P12seed.liq

04/22/2002 4:44:39 PM
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liquefy.cal

LIQUEFACTION ANALYSIS CALCULATION SHEET
Copyright by CivilTech Software

www.civiltech.com
(425) 453-6488 Fax (425) 453-5848

Licensed to URS Corp.
Earthquake Magnitude= 6.8
Depth of Hole= 41.5 ft

Max. Acceleration 0.22 g
Depth of Water Table= 0.0 ft

Input Data:
No.

1
2
3
4
5
6
7
8
9
10
11
12

Depth
ft

1.0
3.5
6.0
8.5
11.0
13.5
16.0
18.5
25.0
30.0
35.0
40.0

SPTraw

2.0
2.0
4.0
2.0
2.0
2.0
2.0
4.0
3.0
3.0
8.0
7.0

Gamma
pcf

110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0
110.0

Fines
%

88.0
30.0
10.0
20.0
30.0
80.0
71.0
80.0
48.0
80.0
80.0
70.0

CSR Calculation:
Depth
ft

1.00
3.00
5.00
7.00
9.00
11.00
13.00
15.00
17.00
19.00
21.00
23.00
25.00
27.00
29.00
31.00
33.00
35.00
37.00
39.00
41.00

SigT
tsf

0.055
0.165
0.275
0.385
0.495
0.605
0.715
0.825
0.935
1.045
1.155
1.265
1.375
1.485
1.595
1.705
1.815
1.925
2.035
2.145
2.255

CRR Calculation
Depth
ft

1.00
3.00
5.00
7.00
9.00
11.00
13.00
15.00
17.00
19.00
21.00
23.00
25.00
27.00
29-00
31.00
33.00
35.00
37.00
39.00

SPT
BPT

2.0
2.0
3.2
3.2
2.0
2.0
2.0
2.0
2.8
3.9
3.6
3.3
3.0
3.0
3.0
4.0
6.0
8.0
7.6
7.2

SigE
tsf

0.024
0.071
0.119
0.167
0.214
0.262
0.309
0.357
0.405
0.452
0.500
0.547
0.595
0.643
0.690
0.738
0.785
0.833
0.881
0.928
0.976

from SPT
Cer

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

rd

1.00
0.99
0.99
0.98
0.98
0.97
0.97
0.97
0.96
0.96
0.95
0.95
0.94
0.94
0.93
0.92
0.91
0.89
0.87
0.86
0.84

or BPT
Cn

2.0
2.0
2.0
2.0
2.0
2.0
1.8
1.7
1.6
1.5
1.4
1.4
1.3
1.2
1.2
1.2
1.1
1.1
1.1
1.0

CSR

0.33
0.33
0.33
0.33
0.32
0.32
0.32
0.32
0.32
0.32
0.31
0.31
0.31
0.31
0.31
0.30
0.30
0.29
0.29
0.28
0.28

data:
d(Nl)60

5.80
5.80
3.66
2.48
4.30
5.31
5.72
5.67
5.88
6.17
6.02
5.89
5.78
5.75
5.72
5.93
6.35
6.75
6.62
6.49

(Nl)60

9.80
9.80
10.06
8.88
8.30
9.22
9.31
9.02
10.28
12.00
11.14
10.36
9.67
9.49
9.33
10.59
13.12
15.52
14.72
13.97

CRRraw

0.11
0.11
0.11
0.10
0.09
0.10
0.10
0.10
0.11
0.13
0.12
0.11
0.11
0.10
0.10
0.11
0.14
0.17.
0.16
0.15
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41.00 7.0 1.0 1.0

Factor of Safety Calculation:
Earthquake Magnitude= 6.8
Depth SigC Ksigma CRR
ft

6.42

MSF

liquefy.cal
13.50 0.15

CSRm F.S.

1.00
3.00
5.00
7.00
9.00
11.00
13.00
15.00
17.00
19.00
21.00
23.00
25.00
27.00
29.00
31:60
33.00
35.00
37.00
39.00
41.00

0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64
0.64

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0.11
0.11
0.11
0.10
0.09
0.10
0.10
0.10
0.11
0.13
0.12
0.11
0.11
0.10
0.10
0.11
0.14
0.17
0.16
0.15
0.15

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

.28

0.
0.
0.
0.
0.

26
26
25
25
25

0.25
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

25
25
25
25
24
24
24
24
24
24
23
23
22
22
22

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

41
42
43
38
36
40
41
40
45
53
49
46
43
43
42
48
61
73
71
69
68

Settlement of Saturated Soils:
Depth
ft

41.0
39.0
37.0
35.0
33.0
31.0
29.0
27.0
25.0
23.0
21.0
19.0
17.0
15.0
13.0
11.0
9.0
7.0
5.0
3.0
1.0

* Below

CSR

0.22
0.22
0.22
0.23
0.23
0.24
0.24
0.24
0.24
0.24
0.24
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.26
0.26

Water
Settlement of

Settlement of
Depth
ft

41.0
39.0
37.0
35.0
33.0
31.0
29.0
27.0
25.0
23.0
21.0
19.0
17.0
15.0

SigC
tsf

0.63
0.60
0.57
0.54
0.51
0.48
0.45
0.42
0.39
0.36
0.32
0.29
0.26
0.23

F.S.

0.68
0.69
0.71
0.73
0.61
0.48
0.42
0.43
0.43
0.46
0.49
0.53
0.45
0.40
0.41
0.40
0.36
0.38
0.43
0.42
0.41

Table
Saturated

Dry Soils
Gmax
tsf

840.8
829.3
821.8
813.3
747.3
674.7
626.0
607.4 .
588.0
577.1
564.7
550.5
494.9
445.1

(Nl)60

13.50
13.97
14.72
15.52
13.12
10.59
9.33
9.49
9.67
10.36
11.14
12.00
10.28
9.02
9.31
9.22
8.30
8.88
10.06
9.80
9.80

Soils=ll

:

gamG/G

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

Dr
%

58.29
59.23
60.73
62.28
57.50
51.93
48.91
49.30
49.73
51.40
53.19
55.11
51.21
48.12
48.87
48.63
46.27
47.76
50.68
50.06
50.06

.955 in.

gamef f
%

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

epsvol
%

2.058
2.003
1.864
1.725
2.139
2.477
2.684
2.657
2.627
2.508
2.406
2.296
2.522
2.738
2.687
2.703
2.860
2.761
2.558
2.602
2.602

ep7.5
%

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

ds/dz
in.

0.025
0.024
0.022
0.021
0.026
0.030
0.032
0.032
0.032
0.030
0.029
0.028
0.030
0.033
0.032
0.032
0
0
0
0
0

.034

.033

.031

.031

.031

ep/7.5

0
0
0
0
0
0
0
0
0
0
0
0
0
0

-OEO
.OEO
.OEO
.OEO
.OEO
.OEO
.OEO
.OEO
.OEO
.OEO
.OEO
.OEO
.OEO
.OEO

Settlement
in.

0.124
0.613
1.076
1.506
1.976
2.532
3.166
3.807
4.441
5.056
5.645
6.209
6.778
7.426
8.076
8.715
9.380
10.062 *
10.706 *
11.330 *
11.955 *

epsvol ds/dz
% in.

2.6EO O.OEO
2.6EO O.OEO
2.6EO O.OEO
2 . 6EO 0 . OEO
2.6EO O.OEO
2.6EO O.OEO
2.6EO O.OEO
2.6EO O.OEO
2.6EO O.OEO
2.6EO O.OEO
2.6EO O.OEO
2.6EO O.OEO
2 . 6EO 0 . OEO
2.6EO O.OEO

Settlement
in.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

000
000
000
000
000
000
000
000
000
000
000
000
000
000
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liquefy.cal
13.0
11.0
9.0
7.0
5.0
3.0
1.0

0.20
0.17
0.14
0.11
0.08
0.05
0.02

418.8
384.0
335.5
302.5
266.4
204.6
118.1

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO
2.6EO

O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO
O.OEO

0:000
0.000
0.000
0.000
0.000
0.000
0.000

-

* Below Water Table
Settlement of Dry Soils=0.000 in.
Total Settlement of Wet and Dry Soils=11.955 in.

Units

Gamma
Fines
D50
SigT
SigE
rd
CSR
SPT
BPT
Cer
Cn
d(Nl)60
(Nl)60
CPT
fric.
Cq
D50
qcl
dqcl
qc
SigC
Ksigma
CRRraw
CRR
MSF
CSRm
F.S.
Dr
epsvol
ds/dz
dz
gamG/G
ep7.5
ep/7.5

Depth=ft, Stress=tsf (atm), gamma^pcf, Sett.=in.

Unit weight of soil
Fines content [%]
Mean grain size
Total vertical stress Itsf]
Effective vertical stress [tsf]
Stress reduction coefficient
Cyclic stress ratio by a given earthquake
Result from Standard Penetration Test (SPT)
Result from Becker Penetration Test (BPT)
Hammer energy efficiency correction factor
Overburden stress correction factor
Fines correction of SPT
SPT after Fines and Overburden correction
Tip resistance from Cone Penetration Test (CPT)
Friction from CPT testing
Overburden stress correction factor
Mean grain size
CPT after Overburden stress correction
Fines correction of CPT
CPT after Fines and Overburden correction
Effective confining pressure [tsfJ
Overburden stress correction factor for CRR
Before overburden stress correction. CRR=CRRraw*Ksigma
Cyclic resistance ratio
Magnitude scaling factor for FS.
After magnitude scaling correction. CSRm=CSR/MSF
Factor of safety against liquefaction
Relative Density
Volumetric strain
Settlement in each sublayer dz
Height of sublayer for calculation/ dz=0.10 ft
Strain-modulus ratio
Volumetric Strain for M=7.5
Magnitude correction factor for any M

Input File:
04/22/2002

K:\163\Pacific Sound Resources\Geotech\Analyses\Liquefaction analysis\SPT\B5.liq
4:48:10 PM
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SLOPE STABILITY ANALYSES

FIGURES
1) Pre-capping conditions, seismic loading, failure surface passing through the upper soft

organic silt (file name: BAL-singlenoncirc).

2) Pre-capping, section 1, static, automatic search of critical failure surface (file name:
Section E13)

3) Pre-capping, static, section 1, shallow surface resembling existing failure zones (file
name: Section E13shallow)

4) Pre-capping, section 2, static, failure surface passing through the upper soft organic
silt (file name: L-singlenoncirc)

5) Post-capping, section 1, static, automatic search of critical failure surface (file name :
Section E13)

6) Post-capping, section 1, static, failure surface passing through cap and upper soft
organic silt (file name : Section E13new)

7) Post-capping, static, section 1, shallow surface resembling existing failure zones (file
name: Section E13shallow)

8) Post-capping, section 2, static, failure surface passing through the upper soft organic
silt (file name : L noncirc2)

9) Post-capping, section 1, seismic, silt strength 80% of static, automatic search of
critical failure surface (Section E13seis0.08)

10) Post-capping, section 1, seismic, silt strength 70% of static, automatic search of
critical failure surface (file name: Section E13seis0.08-2)

11) Post-capping, section 1, seismic, silt strength 80% of static, failure surface passing
through cap and upper soft organic silt (file name : Section E13newseis0.08)

12) Post-capping, section 1, seismic, silt strength 70% of static, failure surface passing
through cap and upper soft organic silt (file name: Section E13newseis0.08-2)

13) Post-capping, section 1, seismic, silt strength 80% of static, shallow surface
resembling existing failure zones (file name : Section E13shallowseis0.08)

14) Post-capping, section 1, seismic, silt strength 70% of static, shallow surface
resembling existing failure zones (file name: Section E13shallowseis0.08-2)

15) Post-capping, section 2, seismic, silt strength 80% of static, failure surface passing
through the upper soft organic silt (file name: LnoncircseisO.08)

16) Post-capping, section 2, seismic, silt strength 70% of static, failure surface passing
through the upper soft organic silt (file name: L noncircseisO.08-2)



UTEXAS 4.0 OUTPUT FILE PRINTOUT

1) Post-capping, section 1, static, automatic search of critical failure surface (file name :
Section E13)

K:\163\Pacific Sound Resources\Geotech\TECH MEMO IIXAppendix Slope Stability.doc



PSR-MSU

300

200

100

NO,

1

2

3

4

5

6

7

DESCRIPTION

cap

Silt

Silt

sand

lower silt

sand

bedrock

UNIT
WEIGHT

110

110

110

110

110

110

150

SHEAR
STRENGTH

Cohesion: 0.0
Friction angle: 32
Cohesion: 77.0
Friction angle: 0

S @ Profile: 35.00
dS/dz: 140.00
Cohesion: 0.0

Friction angle: 32
Cohesion: 1000.0
Friction angle: 0
Cohesion: 0.0

Friction angle: 35
Very Strong

PORE
PRESSURE
Plezometric
Line no. 1

Plezometric
Line no. 1

Plezometric
Line no. 1

Plezometric
Line no. 1

Pfezometric
Line no. 1

Plezometric >
Line no. 1/

Not Applicable

Sid
actor of safety: 3.035

brce Inclination: -1.57 degrees

-100

-200

-300

-400

-500
-400 -200

Date: Wed Apr 17 2002

0 200 400

Filename: H:\Post-capping new\final\Section E13.UT4

600 800

Time: 14:56:02



PSR-MSU

300

200

100

Factor of safety: 4.013
Side force Inclination: -0.98 degrees

NO. DESCRIPTION

cap

Silt

Silt

sand

lower silt

UNIT
WEIGHT

110

110

110

110

110

SHEAR
STRENGTH
Cohesion: 0.0

Friction angle: 32
Cohesion: 77.0
Friction angle: 0

S @ Profile: 35.00
dS/dz: 150.00
Cohesion: 0.0

Friction angle: 32
Cohesion: 1000.0
Friction angle: 0

PORE
PRESSURE
Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

uonesion:o.o
Friction angle: 35

Piezometnc
Line no. 1

-100

-200

-300

-400

-500
-200

Date: Wed Apr 17 2002

200 400 600

Filename: H:\Post-capping new\final\Section E13shallow.UT4

800 100(

Time: 15:00:20



PSR-MSU

-20

-40

-60

-80

-100

Cohesion: 0.0
Friction angle: 32Factor of safety: 1.730

Side force Inclination: -0.16 degrees Cohesion: 77.0
Friction angle: 0

S @ Profile: 35.00
dS/dz: 150.00

Piezometrlc
Line no. 1

Cohesion: 0.0
Friction angle: 32

Piezometrlc
Line no. 1

Cohesion: 1000.0
Friction angle: 0
Cohesion: 0.0

Friction angle: 35
Piezometrlc
Line no. 1

-120

520 540

)ate: Wed Apr 17 2002

560 580 600 620 640

Filename: H:\Post-capping new\fmal\L noncirc2.UT4

660 680

Time: 15:02:51



PSR-MSU

300 i

200

100

NO.

1

2

3

4

5

6

7

DESCRIPTION

cap

Silt

Silt

sand

lowor silt

sand

bedrock

UNIT
WEIGHT

110

110

110

110

110

110

150

SHEAR
STRENGTH

Cohesion: 0.0
Friction angle: 32
Cohesion: 54.0
Friction angle: 0

S @ Profile: 24.00
dS/dz: 98.00
Cohesion: 0.0

Friction angle: 32
Cohesion: 700.0
Friction angle: 0
Cohesion: 0.0

Friction angle: 35
Very Strong

PORE
PRESSURE
Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Plezometrlcy
Line no. 1/

Piezomalflc
Line r/. 1

Not Applicable

Factor of safety: 1.301
>ide force Inclination: -2.44 degrees

-100

-200

-300

-400

-500

/ i •. i t •, i

-400 -200 0 200 400 600

Date: Mon Jun 10 2002 Filename: H:\PSR\Slope Stability\Post-capping new\final\Section I a=0.065 -2.UT4

800

Time: 10:18:OC



PSR-MSU

50 i

25

-25

Factor of safety: 0.884
Side force Inclination: -0.62 degrees

SHEAR
STRENGTH

PORE
PRESSUREDESCRIPTION

Cohesion: 0.0
Friction angle: 32

Plezometric
Line no. 1

Cohesion: 64.0
Friction angle: 0

Plezometric
. Line no. 1

S @ Profile: 28.00
dS/dz:112.00

Plezometric
Line no. 1

Cohesion: 0.0
Friction anqle: 32

Piezometrlc
Line no. 1

Cohesion: 800.0
Friction angle: 0

Plezometric
Line no. 1

3IUII. \f.\J

Friction angle: 35

440 480 520 560 600 640 680 720 ' 76C

Date: Mon Jun 10 2002 Filename: H:\PSR\Slope StabiliMPost-capping new\final\L nonclrc2selsO.065.UT4 Time: 10:25:2



PSR-MSU

60 i

30

-30

-60

-90

-120

-150

-180
440 480

Date: Wed Apr 17 2002

Factor of safety: 1.085
Side force Inclination: -0.52 degrees

SHEAR
STRENGTH

PORE
PRESSUREDESCRIPTION

Cohesion: 35.0
Friction angle: 0

Piezometrlc
Line no. 1

S @ Profile: 35.00
dS/dz: 140.00

Piezometric
Line no. 1

Cohesion: 0.0
Friction angle: 32

Piezometrlc
Line no. 1

Friction angle: 0

Cohesion: 0.0
Friction angle: 35

Piezometrlc
Line no. 1

520 560 600 640 680

Filename: H:\pre-capping new\final\BA L-singlenoncirc.UT4

760

Time: 14:29:59



Factor tof safety: 3.206
Side force Inclination: -1.42 degrees

-400 .200

Date: Wed Apr 17 2QQ2
200 400

Filename: H:\pre-cappinfl new\finai\Ser.tinn E13.UT4



PSR-MSU

300

200

100

NO.

1

2

3

4

5

6

DESCRIPTION

Silt

Silt

sand

lower silt

sand

bedrock

UNIT
WEIGHT

110

110

110

110

110

150

SHEAR
STRENGTH

Cohesion: 35.0
Friction angle: 0

S @ Profile: 35.00
dS/dz: 140.00
Cohesion: 0.0

Friction angle: 32
Cohesion: 1000.0

. Friction angle: 0
Cohesion: 0,0

Friction angle: 35
Very Strong

PORE
PRESSURE
Plezometric
Line no. 1

Plezometric
Line no. 1

Plezometric
Line no. 1

Plezometric
Line no. 1

Piezometrlo
Line no. 1

Not Applicable

Factor of safety: 3.936
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-200 0

Date: Wed Apr 17 2002
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60

30

PSR-MSU

Factor of safety: 1.584
Side force Inclination: -0.43 degrees

NO. DESCRIPTION

Silt

Silt

sand

lower silt

sand

UNIT
WEIGHT

110

110

110

110

110

SHEAR
STRENGTH

Cohesion: 35.0
Friction angle: 0

S @ Profile: 35.00
dS/dz: 140.00
Cohesion: 0.0

Friction angle: 32
Cohesion: 1000.0
frtctfo ule.~0~

Cohesion: 0.0
Friction angle: 35

PORE
PRESSURE
Plezometrlc
Line no. 1

Plezometrlo
Line no. 1

Plezometrlc
Line no. 1

Plezometrlc
-t* -I-
Plezometrlc
Line no. 1

-30

-60

-90

-120

-150

-180
440 480

Date: Wed Apr 17 2002
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720 760
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PSR-MSU

25

NO, DESCRIPTION

cap

Silt- ,

Silt

UNIT
WEIGHT

110

110

110:

SMEAR
STRENGTH
Cohesion: 0.0

Friction angle: 32
Cohesion: .77.0
Friction anglei.Q

S @ Profile: 50.00
.dS/dz: 150.00.

PORE
PRESSURE
Plezometrlc

. Line no: 1
Plezometrlc
Line no. 1

Plezometrlc
Line no. 1

-25

-50

-75

-100

-125

-150

-175
80 120

Date: Wed Apr 17 2002

Factqrof safety: 1,716
Side force Inclination: -0.76 degrees

sand 110 Cohesion: 0.0
Friction angle: 32

Plezometrio
Line no. 1

lower silt 110 Cohesion: 1000.0
Friction angle: 0

Plezometrlc
Line no. 1

Cohesion: 0.0
Friction angle: 35

160 200 240 280 320
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360 400
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PSR-MSU

300

200

100

NO.

1

2

3

4

5

6

7

DESCRIPTION

cap

Silt

Silt

sand

lower silt

sand

bedrock

UNIT
WEIGHT

110

110

110

110

110

110

150

SHEAR
STRENGTH

Cohesion: 0.0
Friction angle: 32
Cohesion: 62.0
Friction angle: 0

S @ Profile: 28.00
dS/dz:112.00
Cohesion: 0.0

Friction angle: 32
Cohesion: 800.0
..Friction angle: 0

Cohesion: 0.0
Friction angle: 35

Very Strong

PORE
PRESSURE
Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Not Applicant

Factor of safety: 1.466
force Inclination: -2.44 degrees
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1
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DESCRIPTIO
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Silt

sand

lower silt

sand •

bedrock
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3* 4 1
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mgfî m
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N UNIT
WEIGHT

110
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110 .

110

110
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150

SHEAR
STRENGTH

Cohasion: 0.0
Friction angle: 32
Cohesion: 62.0
Friction angle: 0

S @ Profile: 28,00
dS/dz:112.00
Cohesion: 0.0

Friction angle: 32
Cohesion: 800.0
Friction angle: 0
Cohesion: 0.0

Friction angle: 35
Very Stronq
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Date: N

NO. DESCRIPTION w^

1 cap 110

2 Silt 110

3 Silt 110

4 sand 110

5 lower silt 110

6 sand 110

7 bedrock 150
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STRENGTH

Cohesion: 0.0
Friction angle: 32
Cohesion: 54.0
Friction angle: 0

S @ Profile: 24.00
dS/dz: 98.00
Cohesion: 0.0

Friction angle: 32
Cohesion: 700.0
Friction angle: 0
Cohesion: 0.0

Friction angle: 35
Very Strong
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PSR-MSU

50 i

25

-25

Factor of safety: 0.759
Side force Inclination: -0.64 degrees

SHEAR
STRENGTH

PORE
PRESSURE

Cohesion: 0,0
Friction angle: 32

Piezometric
Line no. 1

Cohesion: 54,0
Friction angle: 0

Piezometric
Line no. 1

S @ Profile: 24.00
dS/dz: 98.00

Piezometric
Line no. 1

Cohesion; 0.0
Friction anqle: 32

Piezometric
Line no. 1

Cohesion: 700,0
Friction angle: 0

Piezometric
Line no. 1

440 480 520 560 600 640 680 720 76i

Date: Mon Jun 10 200;Filename: H:\PSR\Slope Stability\Post-capping new\final\L noncirc2seisO.065-2.UT4 Time: 10:27:3'



TABLE NO. 1
COMPUTER PROGRAM DESIGNATION: UTEXAS4
Originally Coded By Stephen G. Wright
Version No. 4.0.0.10 - Last Revision Date: 08/10/2001
(C) Copyright 1985-200O S. G. Wright - All rights reserved

* RESULTS OF COMPUTATIONS PERFORMED USING THIS SOFTWARE *
* SHOULD NOT BE USED FOR DESIGN PURPOSES UNLESS THEY HAVE *
* BEEN VERIFIED.BY INDEPENDENT ANALYSES, EXPERIMENTAL DATA *
* OR FIELD EXPERIENCE. THE USER SHOULD UNDERSTAND THE ALGORITHMS *
* AND ANALYTICAL PROCEDURES USED IN THIS SOFTWARE AND MUST HAVE *
* READ ALL DOCUMENTATION FOR THIS SOFTWARE BEFORE ATTEMPTING *
* TO USE IT. NEITHER SHINOAK SOFTWARE NOR STEPHEN G. WRIGHT *
* MAKE OR ASSUME LIABILITY FOR ANY WARRANTIES, EXPRESSED OR *
* IMPLIED, CONCERNING THE ACCURACY, RELIABILITY, USEFULNESS *
* OR ADAPTABILITY OF THIS SOFTWARE. *
******************************************************************
V

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
Time and date of run: Wed Apr 17 14:34:06 2002
Name of input data file: H:\Post-capping new\finalXSection El3.txt

PSR -MSU
SECTION E

TABLE NO. 3
*************************
* NEW PROFILE LINE DATA *
*************************

Profile Line No. 1 - Material Type (Number): 1

Description: cap

Point X Y

1 -600.00 -15.00
2 -510.00 -20.00
3 -490.00 -25.00
4 -450.00 -30.00
5 -370.00 -30.00
6 -345.00 -25.00
7 -310.00 -25.00
8 -240.00 -30.00
9 -220.00 -30.00

10 -200.00 . -25.00
11 0.00 -17.00
12 150.00 -38.50
13 185.00 -48.50
14 220.00 -58.50
15 255.00 -68.50
16 295.00 -78.50
17 350.00 -88.50
18 410.00 -98.50
19 455.00 -108.50
20 515.00 -118.50
21 590.00 -125.00
22 655.00 -135.00
23 735.00 -145.00



24 825.00
25 900.00
26 990.00
27 1105.00
28 1205.00
29 1375.00

Description: upper

Point X

1 -600.00
2 -510.00
3 -490.00
4 -450.00
5 -370.00
6 -345.00
7 -310.00
8 -240.00
9 -220.00

10 -200.00
11 0.00
12 150.00
13 185.00
14 220.00
15 255.00
16 295.00
17 350.00
18 410.00
19 455.00
20 515.00
21 590.00
22 655.00
23 735.00
24 825.00
25 900.00
26 990.00
27 1105.00
28 1205.00
29 1375.00

-155.00
-165.00
-175.00
-185.00
-195.00
-205.00

NO- Z — rlclUGilci-L lypG 1 JN UluD6 IT J . «&

silt

Y

-20.00
-25.00
-30.00
-35.00
-35.00
-30.00
-30.00
-35.00
-35.00
-30.00
-30.00
-40.00
-50.00
-60.00
-70.00
-80.00
-90.00

-100.00
-110.00
-120.00
-130.00
-140.00
-150.00
-160.00
-170.00
-180.00
-190.00
-200.00
-210.00

• wNo. 3 — Mcitericil Type (NuniDer) i 3

Description: intermediate silt

Point X

1 -600.00
2 -510.00
3 -490.00
4 -450.00
5 -370.00
6 -345.00
7 -310.00
8 -240.00
9 -220.00

10 -200.00

Y

-22.50
-27.50
-32.50
-37.50
-37.50
-32.50
-32.50
-37.50
-37.50
-32.50



11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

0.00
150.00
185.00
220.00
255.00
295.00
350.00
410.00
455.00
515.00
590.00
655.00
735.00
825.00
900.00
990.00
1105.00
1205.00
1375.00

Profile Line

-32.50
-42.50
-52.50
-62.50
-72.50
-82,50
-92.50
-102.50
-112.50
-122.50
-132.50
-142.50
-152.50
-162.50
-172.50
-182.50
-192.50
-202.50
-212.50

• wNo. 4 Mcitericil Type (Number) : 4

Description: sand

Point

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

X

-600.00
-510.00
-490.00
-450.00
-370.00
-345.00
-310.00
-240.00
-220.00
-200.00

0.00
150.00
185.00
220.00
255.00
295.00
350.00
410.00
455.00
515.00
590.00
655.00
735.00
825.00
900.00
990.00
1105.00
1205.00
1375.00

Profile Line

Y

-32.50
-37.50
-42.50
-47.50
-47.50
-42.50
-42.50
-47.50
-47.50
-42.50
-42.50
-52.50
-62.50
-72.50
-82.50
-92.50
-102.50
-112.50
-122.50
-132.50
-142.50
-152.50
-162.50
-172.50
-182.50
-192.50
-202.50
-212.50
-222.50

• v.No. 5 — Mciterici-L Type (Nunioer) : i> .

Description: lower silt



Point

1
2
3
4
5.
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

-600.00
-510.00
-490.00
-450.00
-370.00
-345.00
-310.00
-240.00
-220.00
-200.00

0.00
150.00
185.00
220.00
255.00
295.00
350.00
410.00
455.00
515.00
590.00
655.00
735.00
825.00
900.00
990.00
1105.00
1205.00
1375.00

Profile Line

-42.50
-47.50
-52.50
-57.50
-57.50
-52.50
-52.50
-57.50
-57.50
-52.50
-52.50
-62.50
-72.50
-82.50
-92.50
-102.50
-112.50
-122.50
-132.50
-142.50
-152.50
-162.50
-172.50
-182.50
-192.50
-202.50
-212.50
-222.50
-232.50

Description: lower sand

Point X Y

1 -600.00 -72.50
2 -510.00 -77.50
3 -490.00 -82.50
4 -450.00 -87.50
5 -370.00 -87.50
6 -345.00 -82.50
7 -310.00 -82.50
8 -240.00 -87.50
9 -220.00 -87.50
10 -200.00 -82.50
11 0.00 -72.50
12 150.00 -82.50
13 185.00 -92.50
14 220.00 -102.50
15 255.00 -112.50
16 295.00 -122.50
17 350.00 -132.50
18 410.00 -142.50
19 455.00 -152.50
20 515.00 -162.50
21 590.00 -172.50



22
23
24
25
26
27
28
29

i

655.00
735.00
825.00
900.00
990.00

1105.00
1205.00
1375.00

>-i-r\-F T T c* T.-i T-IQ

-182.50
-192.50
-202.50
-212.50
-222.50
-232.50
-242.50
-252.50

M/-\ "7 Ma t~ o T* -i a 1 THmo f "MiirnKoY-^ 7 —

Description: bedrock

Point X Y

1 -600.00 -400.00
2 1375.00 -400.00

v

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
Time and date of run: Wed Apr 17 14:34:06 2002
Name of input data file: H:\Post-capping new\final\Section E13.txt

PSR -MSU
SECTION E

TABLE NO. 4
************************************************************** * * ******
* NEW MATERIAL PROPERTY DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *
**********************************************************************

DATA FOR MATERIAL NUMBER 1

Description: cap

Unit weight of soil (material): 110.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - . - - - - - - - 0 . 0
Friction angle - - - - - 32.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.

DATA FOR MATERIAL NUMBER 2

Description: Silt

Unit weight of soil (material): 110.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 77.0
Friction angle - - - - - 0.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.



DATA FOR MATERIAL NUMBER 3

Description: Silt

Unit weight of soil (material): 110.0

LINEAR STRENGTH INCREASE BELOW PROFILE LINE
Shear strength at profile line elevation(s) - - - - - - - - 3 5 . 0
Rate of increase in strength below profile line - - - - - - 140.0

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.

DATA FOR MATERIAL NUMBER 4

Description: sand

Unit weight of soil (material): 110.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 0 . 0
Friction angle - - - - - 32.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero.

DATA FOR MATERIAL NUMBER 5

Description: lower silt

Unit weight of soil (material): 110.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 1000.0
Friction angle - - - - - 0.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1 . .
Negative pore water pressures are NOT allowed - set to zero. .

DATA FOR MATERIAL NUMBER 6 :

Description: sand

Unit weight of soil (material): 110.0

CONVENTIONAL (ISOTROPIC) SHEAR STRENGTHS
Cohesion - - - - - - - - 0 . 0
Friction angle - - - - - 35.00 (degrees)

Pore water pressures are defined by a piezometric line.
Piezometric line number: 1
Negative pore water pressures are NOT allowed - set to zero. • \



DATA FOR MATERIAL NUMBER 7

Description: bedrock

Unit weight of soil (material): 150.0

SHEAR STRENGTH IS VERY LARGE (INFINITE)

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
Time and date of run: Wed Apr 17 14:34:06 2002
Name of input data file: H:\Post-capping new\final\Section E13.txt

PSR -MSU
SECTION E

TABLE NO. 6
*********************************************************************

* NEW PIEZOMETRIC LINE DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *
*********************************************************************

Piezometric Line Number 1

Description: all
Unit weight of fluid (water): 62.4

Point X Y

1 -600.00 0.00
2 1375.00 0.00

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
Time and date of run: Wed Apr 17 14:34:06 2002
Name of input data file: H:\Post-capping new\final\Section E13.txt

PSR -MSU
SECTION E

TABLE NO. 11
*********************************************************************
* NEW DISTRIBUTED LOAD DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *
A*****************************************************-***************

Normal Shear
Point X Y Pressure Stress

Distributed loads will be generated from piezometric line number 1
See Output Table number 27

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by. URS, URS Seattle
Time and date of run: Wed Apr 17 14:34:06 2002
Name of input data file: H:\Post-capping new\final\Section El3.txt

PSR -MSU
SECTION E

TABLE NO. 16



*********************************

* NEW ANALYSIS/COMPUTATION DATA *
*********************************

Starting Center Coordinate for Search at -
X: 400.00
Y: 400.00

Required accuracy for critical center
(= minimum spacing between grid points): 1.000

Critical shear surface not allowed to pass below Y: -400.00

For the initial mode of search circles pass through the fixed
point at - X: 99.99, Y: -36.67

The following represent default values or values that were prevously defined:
Subtended angle for slice subdivision: 3.00(degrees)
There is no crack.
There is no water in a crack.
Conventional (single-stage) computations will be performed.
Seismic coefficient: 0.000
Unit weight of water (or other fluid) in crack: 62.4
Automatic search output will be in long form.
Search will be continued after the initial mode to find a most critical
circle.
Maximum number of trial grids for a given search mode: 50
No restrictions exist on the lateral extent of the search.
No shear surfaces other than the most critical will be saved for display
later.
Neither slope face was explicitly designated for analysis.
Standard sign convention used for direction of shear stress on shear surface.
Procedure of Analysis: Spencer

Iteration limit: 100
Force imbalance: l.OOOOOOe-005 (fraction of total weight)
Moment imbalance: l.OOOOOOe-005 (fraction of moment due to total weight)
Minimum weight required for computations to be performed: 100
Initial trial factor of safety: 3.000
Initial trial side force inclination: 17.189 (degrees)
Minimum (most negative) side force inclination allowed in Spencer's procedure:
-10.00

UTEXAS4 S/N-.00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
Time and date of run: Wed Apr 17 14:34:06 2002
Name of input data file: H:\Post-capping new\finalNSection E13.txt

PSR -MSU
SECTION E

TABLE NO. 26
*************************************
* NEW, COMPUTED SLOPE GEOMETRY DATA *
*************************************

These slope geometry were generated from the Profile Lines.



Point

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

-600.00
-510.00
-490.00
-450.00
-370.00
-345.00
-310.00
-240.00
-220.00
-200.00

0.00
150.00
185.00
220.00
255.00
295.00
350.00
410.00
455.00
515.00
590.00
655.00
735.00
825.00
900.00
990.00
1105.00
1205.00
1375.00

-15.00
-20.00
-25.00
-30.00
-30.00
-25.00
-25.00
-30.00
-30.00
-25.00
-17.00
-38.50
-48.50
-58.50
-68.50
-78.50
-88.50
-98.50
-108.50
-118.50
-125.00
-135.00
-145.00
-155.00
-165.00
-175.00
-185.00
-195.00
-205.00

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
Time and date of run: Wed Apr 17 14:34:06 2002
Name of input data file: H:\Post-capping new\final\Section E13.txt

PSR -MSU
SECTION E

TABLE NO. 27

* NEW DISTRIBUTED LOAD DATA - CONVENTIONAL/FIRST-STAGE COMPUTATIONS *

Normal Shear
Point X Y Pressure Stress

1
2
3
4
5
6
7
8
9
10
11
12
13
14

-600.00
-510.00
-490.00
-450.00
-370.00
-345.00
-310.00
-240.00
-220.00
-200.00

0.00
150.00
185.00
220.00

-15.00
-20.00
-25.00
-30.00
-30.00
-25.00
-25.00
-30.00
-30.00
-25.00
-17.00
-38.50
-48.50
-58.50

936.0
1248.0
1560.0
1872.0
1872.0
1560.0
1560.0
1872.0
1872.0
1560.0
1060.8
2402.4
3026.4
3650.4

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
010
0.0
0.0
0.0



15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

255.00
295.00
350.00
410.00
455.00
515.00
590.00
655.00
735.00
825.00
900.00
990.00
1105.00
1205.00
1375.00

-68.50
-78.50
-88.50
-98.50
-108.50
-118.50
-125.00
-135.00
-145.00
-155.00
-165.00
-175.00
-185.00
-195.00
-205.00

4274.4
4898.4
5522.4
6146. 4
6770.4
7394.4
7800.0
8424.0
9048.0
9672.0
10296.0
10920.0
11544.0
12168.0
12792.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

The above data were generated automatically from piezometric
line number 1.

Search will be conducted for RIGHT face of slope
v
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PSR -MSU
SECTION E

TABLE NO. 29
********** r********************

* OUTPUT FOR TYPE 1 AUTOMATIC SEARCH WITH CIRCLES *
***************************************************

Center Coon

X
Messages

370.00
400.00
430.00
370.00
400.00
430.00
370.00
400.00
430.00_ _ _ _ _ _

395.00
400.00
405.00
395.00
405.00
395.00
400.00
405.00

LIU J-Ui V̂ _LJ.l_;.l

d point at -

dinates

Y

370.00
370.00
370.00
400.00
400.00
400.00
430.00
430.00
430.00

New 9-Point
395.00
395.00
395.00
400.00
400.00
405.00
405.00
405.00

.ca xiix <̂ u.yn c* r j-j

X: 99.99 Y

l-Stag«
Factor

Radius

488.14
505.36
523.72
513.40
529.80
547.34
539.15
554.78
57.1.56

of
Safety

3.423
3.372
3.753
3.649
3.157
3.646
3.848
3.392
3.520

Grid (only new
522.85
525.68
528.55
526.98
532.64
531.13
533.93
536.75

3.204
3.119
3.042
3.244
3.078
3.284
3.196
3.114

utru r-î j-iiL, —

: -36.67

^

Side Force
Inclination
(degrees)

-1.584
-1.676
-1.785
-1.600
-1.578
-1.737
-1.597
-1.605
-1.691

Iterations

8
8
8
8
8
8
8
8
8

points calculated) - - -
-1.581
-1.574
-1.574
-1.586
-1.577
-1.590
-1.579
-1.578

8
8
8
8
8
8
8
8



- - - - - - New 9-Point Grid (only new points calculated) - - - - - -
400.
405.
410.
410.
410.

00
00
00
00
00

390
390
390
395
400

.00

.00

.00

.00

.00
_ _ _ _ _ _ N e w 9-Point

402.
405.
408.
402.
408.
402.
405.
408.

00
00
00
00
00
00
00
00

392
392
392
395
395
398
398
398

.00

.00

.00

.00

.00

.00

.00

.00
- - - - - - New 9-Point

404.
405.
406.
404.
406.
404.
405.
406.

00
00
00
00
00
00
00"
00

394
394
394
395
395
396
396
396

.00

.00

.00

.00

.00

.00

.00

.00
- - - - - - New 9-Point

404.
405.
406.

("•>-ĵT

00
00
00

393
393
393

.00

.00

.00

521
524
527
531
535

.59

.48

.40

.45

.52

3.
3.
3.
3.
3.

Grid (only
524
526
527
526
530
529
531
532

.37

.11

.85

.83

.29

.29

.01

.73

3.
3.
3.
3.
3.
3.
3.
3.

Grid (only
527
527
528
527
529
528
529
529

.16

.74

.32

.98

.13

.79

.37

.95

3.
3.
3.
3.
3.
3.
3.
3.

Grid (only
526
526
527

itical Circle After
X: 405.00 Y: 394.00
Factor of safety: 3.035

.34

.92

.50
the

3.
3.
3.

082
267
419
371
300
new
065
216
348
087
307
109
063
246
new
049
035
229
057
171
064
049
048
new
042
142
249

Current
Radius : 527
Side force

-1.
-1.
-1.
-1.
-1.

points
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.

points
-1.
-1.
-1.
-1.
-1.
-.1.
-1.
-1.

points
-1.
-1.
-1.

- Mode o
.737

571
640
684
663
648
calculated)
572
627
661
573
650
575
576
631
calculated)
574
574
629
575
609
575
575
569
calculated)
574
593
635
£ C*^=a -v-s*V\X OtJa.IC-11

8
8
8
8
8
- - - - - - -
8
8
8
8
8
8
8
8

8
8
8
8
8
8
8
8

8
8
8

inclination: -1.574

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
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PSR -MSU
SECTION E

TABLE NO. 30
***************************************************
* OUTPUT FOR TYPE 1 AUTOMATIC SEARCH WITH CIRCLES *
*******************

Output for Circles Tangent to a Given Horizontal Line
Tangent line elevation, Y: -133.74

Center Coordinates

X Y
Messages

375.00
405.00
435.00
375.00
435.00
375.00
405.00

364.00
364.00
364.00
394.00
394.00
424.00
424.00

1-Stage
Factor Side Force
of Inclination

Radius Safety (degrees) Iterations

-1.783 8
-1.518 8
-1.307 8
-1.816 8
-1.403 8
-1.849 8
-1.689 8

497.74
497.74
497.74
527.74
527.74
557.74
557.74

3.428
3.109
3.664
3.440
3.546
3.442
3.268



435._ _ _ _

400.
405.
410.
400.
410.
400.
405.
410.

00
- -
00
00
00
00
00
00
00
00

424
New 9
389
389
389
394
394
399
399
399

.00 557.74 3.
-Point Grid (only
.00
.00
.00
.00
.00
.00
.00
.00

- - - - - - New 9-Point
402.
405.
408.
402.
408.
402.
405.
408.

00
00
00
00
00
00
00
00

391
391
391
394
394
397
397
397

.00

.00

.00

.00

.00

.00

.00

.00
- - - - - - New 9-Point

404.
405.
406.
404.
406.
404.
405.
406.

("•-»-
\*JL

00
00
00
00
00
00
00
00

393
393
393
394
394
395
395
395

.00

.00

.00

.00

.00

.00

.00

.00

522
522
522
527
527
532
532
532

.74

.74

.74

.74

.74

.74

.74

.74

3.
3.
3.
3.
3.
3.
3.
3.

Grid (only
524
524
524
527
527
530
530
530

.74

.74

.74

.74

.74

.74

.74

.74

3.
3.
3.
3.
3.
3.
3.
3.

Grid (only
526
526
526
527
527
528
528
528

.74

.74

.74

.74

.74

.74

.74

.74

3.
3.
3.
3.
3.
3.
3.
3.

445
new
292
046
124
298
111
304
089
099
new
256
042
087
264
080
271
075
073
new
149
037
052
159
050
169
049
047

-1
points

-1
-1
-1
-1
-1
-1
-1
-1

points
-1
-1
-1
-1
-1
-1
-1
-1

points
-1

. -1
-1
-1
-1
-1
-1
-1

itical Circle After the Current Mode i
X: 405.00 Y: 394.00
Factor of safety: 3.035

Radius :
Side

527
force

.737

.490
calculated)
.657
.565
.540
.669
.549
.679
.591
.558
calculated)
.642
.569
.554
.645
.559
.651
.579
.565
calculated)
.602
.572
.567
.608
.569
.614
.571
.571
f Q^-iv<-«Vl&±. oGcHTC-fl

8

8
8
8
8
8
8
8
8_ _ _ _ _ _

8
8
8
8
8
8
8
8

8
8
8
8
8
8
8
8

inclination: -1.574

UTEXAS4 S/N.-00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
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PSR -MSU
SECTION E

TABLE NO. 33

* 1-STAGE FINAL CRITICAL CIRCLE INFORMATION *

X Coordinate of Center 405.00
Y Coordinate of Center 394.00
Radius 527.74
Factor of Safety 3.035
Side Force Inclination (degrees) -1.57
Number of Circles Tried 73
Number of Circles F Calculated for 73
Time Required for Search (seconds) 1.8

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
Time and date of run: Wed Apr 17 14:34:06 2002
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PSR -MSU
SECTION E

: J



TABLE NO. 43

* Coordinate, Weight, Strength and Pore Water Pressure *
* Information for Individual Slices for Conventional *
* Computations or First Stage of Multi-Stage Computations. *
* (Information is for the critical shear surface in the *
* case of an automatic search.) *

Slice
No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

X
90.81
95.40
99.99
101.96
103.93
112.26
120.59
129.76
138.94
144.47
150.00
162.27
174.53
179.77
185.00
197.70
210.41
215.20
220.00
233.06
246.12
250.56
255.00
268.34
281.69
288.34
295.00
308.58
322.16
335.86
349.55
349.78
350.00
363.77
377.54
391.27
405.00
407.50
410.00
423.81
437.61
444.49
451.38
453.19
455.00
468.71
482.43
483.93
485.43
499.02

Y
-30.02
-33.34
-36.67
-38.05
-39.43
-44.98
-50.54
-56.15
-61.76
-64.90
-68.04
-74.40
-80.75
-83.22
-85.69
-91.12
-96.55
-98.40
-100.25
-104.75
-109.25
-110.61
-111.97
-115.55
-119.13
-120.64
-122.15
-124.67
-127.20
-129.01
-130.82
-130.84
-130.86
-131.94
-133.02
-133.38
-133.74
-133.72
-133.71
-133.22
-132.73
-132.21
-131.70
-131.53
-131.36
-129.69
-128.03
-127.80
-127.57
-125.11

Slice
Weight

2693

2787

21798

41498

33075

87406

41710

108974

43550

122168

42371

128319

64148

130578

129789

2077

124672

114766

19603

96138

39441

9337

57047

4783

27729

Matl.
No.

1

2

3

4

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

4

4

4

3

Cohesion

0.0

77.0

735.0

0.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

1000.0

0.0

0.0

0.0

773.1

Friction
Angle

32.00

0.00

0.00

32.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

32.00

32.00

32.00

0.00

Pore
Pressure

2080.5

2374.1

2807.0

3503.8

4049.9

4642.3

5193.1

5686.0

6140.1

6536.4

6902.2

7210.3

7527.7

7779.4

8049.9

8164.4

8233.2

8322.9

8344.4

8313.0

8250.0

8207.4

8092.9

7974.7

7806.8



512.62
513.34
514.06
514.53
515.00
518. 04
521.08
523.89
526.70

-122.65
-122.50
-122.34
-122.24
-122.15
-121.48
-120.81
-120.16
-119.51

680

394

1817

551

3

2

2

1

73.1

77.0

77.0

0.0

0.00

0.00

0.00

32.00

7643.7

7628.1

7580.2

7498.1

26

27

28

29

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
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SECTION E

TABLE NO. 44
**********************************************************
* Seismic Forces and Forces Due to Distributed Loads for *
* Individual Slices for Conventional Computations or the *
* First Stage of Multi-Stage Computations. *
* (Information is for the critical shear surface in the *
* case of an automatic search.) *
**********************************************************

Slices
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

X

95.40
101.96
112.26
129.76
144.47
162.27
179.77
197.70
215.20
233.06
250.56
268.34
288.34
308.58
335.86
349.78
363.77
391.27
407.50
423.81
444.49
453.19
468.71
483.93
499.02
513.34
514.53
518.04
523.89

Seismic
Force

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Y for
Seismic
Force

-32.01
-34.83
-39.04
-45.88
-51.30
-58.20
-65.11
-71.63
-77.76
-83.49
-88.92
-93.69
-98.74
-102.82
-107.47
-109.65
-111.37
-114.38
-115.90
-117.39
-119.19
-119.81
-120.24
-120.56
-120.47
-120.36
-120.33
-120.12
-119.72

FORCES DUE TO DISTRIBUTED LOADS

Normal
Force

17748
7849
34754
41194
26283
66870
31936
85952
35567
105491
38742
123303
65799
139495
149276
2500

158210
165659
31024
179266
93421
25030
192218
21532
199223
10822
7011
45258
41921

Shear
Force

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

X

95.43
101.96
112.36
129.88
144.51
162.61
179.82
198.00
215.24
233.32
250.59
268.55
288.39
308.72
335.99
349.78
363.89
391.38
407.50
423.94
444.53
453.19
468.81
483.93
499.11
513.34
514.53
518.04
523.89

Y

-30.68
-31.61
-33.10
-35.62
-37.71
-42.10
-47.02
-52.21
-57:i4
-62.31
-67.24
-71.89
-76.85
-80.99
-85.95
-88.46
-90.81
-95.40
-98.08
-101.60
-106.17
-108.10
-110.80
-113.32
-115.85
-118.22
-118.42
-118.76
-119.27
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PSR -MSU
SECTION E

TABLE NO. 47
t * * * * * i r****************i

Information for the Iterative Solution for the Factor of
Safety and Side Force Inclination by Spencer's Procedure

********************, t*****************************

Allowable force imbalance for convergence: 15
Allowable moment imbalance for convergence: 4478

Trial
Factor

Iter- of
ation Safety

Trial
Side Force
Inclination
(degrees)

Force Moment
Imbalance Imbalance

(Ibs.) (ft.-lbs.)
Delta-F

Delta
Theta

(degrees)

1 3.00000 -17.1887 5.778e+004 -2.578e+007
First-order corrections to F and Theta 0.1685 12.6045
Reduced values - Deltas were too large 0.0383 2.8648

2 3.03830 -14.3239 4.500e+004 -2.020e+007
First-order corrections to F and Theta 0.0990 10.8348
Reduced values - Deltas were too large 0.0262 2.8648

3 3.06448 -11.4592 3.334e+004 -1.509e+007
First-order corrections to F and Theta 0.0390 8.7999
Reduced values - Deltas were too large 0.0127 2.8648

4 3.07716 -8.5944 2.263e+004 -1.037e+007
First-order corrections to F and Theta -0.0051 6.5125
Reduced values - Deltas were too large -0.0022 2.8648

5 3.07493 -5.7296 1.273e+004 -5.980e+006
First-order corrections to F and Theta -0.0266 3.9945
Reduced values - Deltas were too large -0.0191 2.8648

6 3.05582 -2.8648 3.591e+003 -1.834e+006
First-order corrections to F and Theta -0.0199 1.2778
Second-order corrections to F and Theta -0.0211 1.2912

7 3.03476 -1.5736 -1.859e+000 3.347e+002
First-order corrections to F and Theta -0.0000 -0.0003
Second-order corrections to F and Theta -0.0000 -0.0003

8 3.03474 -1.5739 8.731e-011 -1.793e-008
First-order corrections to F and Theta 0.0000 0.0000

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
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TABLE NO. 55
********************************************!

* Check of Computations by Spencer's Procedure (Results are for the *
* critical shear surface in the case of an automatic search.) *
*********************************************************************

Summation of Horizontal Forces: 2.47383e-010

Summation of Vertical Forces: 2.40107e-010

Summation of Moments: 1.72877e-008

Mohr Coulomb Shear Force/Shear Strength Check Summation: 5.74261e-011
V

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
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SECTION E

TABLE NO. 58
*************************************************************************
* Final Results for Stresses Along the Shear Surface *
* (Results are for the critical shear surface in the case of a search.) *
*************************************************************************

SPENCER'S PROCEDURE USED TO COMPUTE THE FACTOR OF SAFETY
Factor of Safety: 3.035 Side Force Inclination: -1.57

VALUES AT CENTER OF BASE OF SLICE
Total Effective

Slice Normal Normal Shear
No. X-Center Y-Center Stress Stress Stress

1 95.40 -33.34 2160.5 80.0 16.5
2 101.96 -38.05 2620.5 246.4 25.4
3 112.26 -44.98 3168.3 361.4 242.2
4 129.76 -56.15 4320.1 816.3 168.1
5 144.47 -64.90 5096.0 1046.2 329.5
6 162.27 -74.40 5958.2 1315.9 329.5
7 179.77 -83.22 6706.7 1513.6 329.5
8 197.70 -91.12 7349.6 1663.5 329.5
9 215.20 -98.40 7930.6 1790.5 329.5
10 233.06 -104.75 8406.6 1870.2 329.5
11 250.56 -110.61 8833.9 1931.7 329.5
12 268.34 -115.55 9174.9 1964.6 329.5
13 288.34 -120.64 9520.6 1992.9 329.5
14 308.58 -124.67 9782.7 2003.2 329.5
15 335.86 -129.01 10056.1 2006.2 329.5
16 349.78 -130.84 10154.3 1989.9 329.5
17 363.77 -131.94 10179.1 1945.9 329.5
18 391.27 -133.38 10152.2 1829.3 329.5
19 407.50 -133.72 10080.9 1736.5 329.5
20 423.81 -133.22 9888.8 1575.9 329.5
21 444.49 -132.21 9583.8 1333.8 329.5
22 453.19 -131.53 9417.3 1209.9 249.1
23 468.71 -129.69 9085.5 992.6 204.4
24 483.93 -127.80 8761.5 786.9 162.0
25 499.02 -125.11 8376.1 569.3 254.8 3



26
27
28
29

513.34
514.53
518.04
523.89

-122.50
-122.24
-121.48
-120.16

7932.3
7896.0
7780.3
7612.8

288.6
267.9
200.0
114.7

24.1
25.4
25.4
23.6

UTEXAS4 S/N:00114 - Version: 4.0.0.10 - Latest Revision: 08/10/2001
Licensed for use by: URS, URS Seattle
Time and date of run: Wed Apr 17 14:34:06 2002
Name of input data file: H:\Post-capping new\finalXSection E13.txt

PSR -MSU
SECTION E

TABLE NO. 59

* Final Results for Side Forces and Stresses Between Slices *
* (Results are for the critical shear surface in the case of a search.) *

*** ******** *

X-Right

99.99
103.93
120.59
138.94
150.00
174.53
185.00
210.41
220.00
246.12
255.00
281.69
295.00
322.16
349.55
350.00
377.54
405.00
410.00
437.61
451.38
455.00
482.43
485.43
512.62
514.06
515.00
521.08
526.70

\7AT TTT?O

Side
Force

11702
17730
43977
83549
108175
157484
178407
226231
242630
280757
291199
318175
326565
342065
342750
342632
329519
300483
293493
235745
201028
191564
124017
116006
35052
30829
28084
13635

0

AT* DTf'LIT1 OTT^T?Al KJUjHl bJ.L>£>

Y-Coord. of
Side Force
Location

-33.99
-35.86
-42.88
-50.93
-55.31
-65.48
-69.61
-78.73
-81.97
-90.03
-92.59
-99.26
-102.30
-107.18
-111.27
-111.33
-114.48
-116.83
-117.18
-119.22
-120.00
-120.19
-120.65
-120.68
-120.23
-120.21
-120.19
-119.85
-119.51

f~il? OT Tf"1!?Ur o.Li.Ll~c* —

Fraction
of

Height

0.501
0.474
0.471
0.436
0.431
0.433
0.433
0.437
0.438
0.444
0.446
0.452
0.455
0.457
0.461
0.461
0.464
0.469
0.469
0.481
0.487
0.489
0.493
0.492
0.532
0.534
0.536
0.536
1.000

Sigma
at
Top

2212.2
1979.7
2235.7
2067.4
2143.5
2677.1
2853.5
3440.6
3638.2
4311.1
4524.3
5149.3
5442.8
5820.0
6188.5
6193.4
6487.4
6769.9
6805.0
7425.4
7739.1
7797.9
7951.1
7884.9
9204.7
9290.5
9364.8
9308.4

0.0

Sigma
at

Bottom

2173.6
2726.2
3173.0
4655.0
5177.7
6256.3
6736.3
7647.4
7981.0
8655.1
8868.2
9322.2
9516.1
9809.2
9974.0
9976.6
10010.6
9884.8
9858.2
9351.8
9007.0
8953.5
8628.1
8681.2
6215.0
6118.1
6036.9
5972.8

0.0

Slice
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Read end-of-file on input while looking for another command word.
End of input data assumed - normal termination.
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BEARING CAPACITY CALCULATIONS
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Title: Bearing Capacity of Marine Sediments and Allowable Cap Lift Thickness
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Total Number of Computer Runs: 8
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Compute the Bearing Capacity of Marine Sediments and Allowable Cap Lift Thickness
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Stated in the Text
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Stated in the Text
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CALCULATION SHEET

PROJECT: PACIFIC SOUND RESOURCES - MARINE SEDIMENT UNIT

PROJECT NO: 53-F4006500

TITLE: BEARING CAPACITY OF MARINE SEDIMENTS AND ALLOWABLE CAP LIFT
THICKNESS

PERFORMED BY: Vito Schrfano DATE: 06/27/02

REVIEWED BY: Martin McCabe DATE: 06/27/02

OBJECTIVES: Compute the lift thickness values versus factor of safety against bearing capacity
failure of the marine sediments upon placement of cap layer for the following conditions:

• RA 1. 2, 3, FS = 1, su = 10 psf, buoyant unit weight of the cap 50 pcf.
• RA 4, FS = 2, su = 10 psf, buoyant unit weight of the cap 50 pcf
• RA 5 (above 175 feet MLLW), FS = 3, su = 10 psf, buoyant unit weight of the cap 50 pcf
• RA 5 (below 175 feet MLLW),, FS = 3, su = 200 psf, buoyant unit weight of the cap 50 pcf

• - - where "su" is the undrained shear strength and "FS" is the factor of safety.

ASSUMPTIONS
• Two profile models were used for bearing capacity computations:

MODEL A consisting of an upper highly compressible 3.5 ft thick overlying a 10 ft thick
layer of silt/sand sediments. This model applies to the zones RA 1, 2, 3, 4, and 5 above
175 feet MLLW where the field investigation revealed the presence of organic silt or
sensitive fine-grained deposits in the upper few feet of sediments.

MODEL B consisting of silt/sand sediments without the upper compressible layer. This
model is relevant to zone RA 5 below 175 feet MLLW where CPT profiles P11, P15, and
P19 show no presence of highly compressible deposits in the upper few feet of
sediments.

• Loaded area = 10ftx10ftV Schrfano assumption based on conversation with D.
Schuchardt. (An analysis was also carried out using a 50ft x 50ft loaded area. A larger factor
of safety was computed for the larger loaded area).

• The strength properties used for the evaluation of the FS against bearing failure are:

MODEL A:
• Upper silt: suo = 10 psf (lowest value measured using the field vane shear test).
• Intermediate silt: suo = f(depth), s^ top = 50 psf, s^ bottom = 1500 psf (these values were

originally used in the slope stability analyses. Later Suo bottom was reduced to 1000 psf.
However, it must be noticed that, for the selected load area, the strength of the
intermediate silt has little or no effect on the bearing capacity analysis results).

MODEL B:
Silt: suo = 200 - 500 psf (average range estimated from result of CPT tests)

K:\163\Pacific Sound Resources\Geotech\AnaIyses\bearing capacity\calc sheet bear cap 06_27.doc
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The shear strength of the upper silt is assumed to increase due to the pressure applied by
the cap. The increase in strength is assumed proportional to the increase in effective vertical
stress according to the relationship (Terzaghi et al, 1996):

Log [(a'm+ Aav)/ rf vo] = Log [(S

The time rate for strength increase is assumed to be the same as for consolidation. The
coefficient of consolidation in the compression range was assumed to be equal to about 5
times the average coefficient of consolidation back-calculated form the results of the
consolidation tests. Thus the strength increase is expected to take place in 2 - 3 days from
the deposition of the cap layer.

COMPUTATIONS
• The ultimate load for the first lift placement was computed using the bearing capacity

equation for footing foundations:

Qult = 5.14xsu

The results of the computations for the different zones of the MSU are presented in Table
below.

RA 1,2,3
RA4
RA5
above 175
feet MLLW
RA5 below
175 feet
MLLW

Buoyant Unit
Weight (pcf)
50
50
50

50

Su (psf)

10
10
10

200-500

Quit (psf)

50
50
50

1200-3000

FS

1
2
2

2

Thickness (ft)

1
0.5
0.3

8

Because for a layered system constituted by cohesionless and cohesive soils a rigorous
solution of the bearing problem is not readily available, the allowable load for the subsequent
lifts of cap was computed using the commercially available software SLOPE/W (Geoslope
International, Ltd) according to the instructions provided by the SLOPE/W user's manual for
bearing capacity analysis. Output sheets from analyses are attached.

RESULTS
• The allowable thickness for the first lift placement for RA1,2,3 and FS = 1 is 1 foot.
• The allowable thickness for the first lift placement for RA 4, and FS=2 is 0.5 feet.
• The allowable thickness for the first lift placement for RA 5 above 175 feet MLLW, FS=3, and

su = 10 psf is 0.3 feet
• The allowable thickness for the first lift placement for RA 5 below 175 feet MLLW, FS=3, and

su = 200 psf is> 3 ft.

The allowable thickness of the subsequent lifts is reported in the table below.

K:\163\Pacific Sound Resources\Geotech\Analyses\bearing capacity\calc sheet bear cap 06_27.doc
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1"lift
2°°lift
3™ lift
4mlift

RA1,2,3,su=10psf
Y = 50pcf(FS=1)
1ft
2ft
5ft

RA4, su=10psf
Y = 50 pcf (FS=2)
0.5ft
0.75 ft
1.75ft
2.5ft

RA5, su=10psf
Y = 50pcf(FS=3)
0.3ft
0.5ft
0.6ft
0.8ft

In RA 5 below 175 feet MLLW a 8 ft cap can be placed in one single lift.

K:\163\Pacific Sound Resources\Geotech\Analyses\bearing capacity\calc sheet bear cap 06_27.doc



Description: PSR- MSU
Comments: Bearing Capacity
File Name: bearing capacity2nd stage.slp
Last Saved Date: 06/13/2002
Last Saved Time: 2:52:00 PM
Analysis Method: Spencer

2nd cap lift t = 2 ft

Description: cap (1st lift)
Soil Model: Mohr-Coulomb
Unit Weight: 50
Cohesion: 0
Phi: 32

Description: upper silt
Soil Model: Undrained (PhioO)
Unit Weight: 47.6 L
Cohesion: 15 "

URS
Figure - Bearing Capacity

RA 1, 2, and 3 - 2nd stage capping



Description: PSR-MSU
Comments: Bearing Capacity
File Name: bearing capacity-Srd stage.slp
Last Saved Date: 06/13/2002
Last Saved Time: 2:56:07 PM
Analysis Method: Spencer

Description: cap
Soil Model: Mohr-Coulomb
Unit Weight: 50
Cohesion: 0
Phi: 32

Description: upper silt
Soil Model: Undrained (Phl=0)
Unit Weight: 47.6
Cohesion: 26

C -Maximum: 1500

URS Figure - Bearing capacity
RA1,2, and 3 - 3rd stage capping



PSR-MSU CAP PLACEMENT SEQUENCE RA 1, 2, AND 3
Factor of safety for bearing capacity

sv (psf)
su (psf)

Initial

83.3
10

cap
1

end of cons

133.3
16.00240096

stage 2

133.3
16.002401

cap
2

end of cons

233.3
28.00720288

stage 3

233.3
28,0072029

cap

5

FS=1 FS=1 FS=1

Assume the following profile:
1.3.5 ft of organic silt, suo = 10 psf
2.10 ft of sandy silt su = f(depth), sutop = 50 psf, subot =
3.10 ft of silty sand with friction angle = 32 degrees

1500 psf

The strength of the upper silt is assumed to Increase due to pressure applied by a cap layer.
The Increase In strength Is assumed to be proportional to the Increase In effective vertical stress.
The time rate from strength Increase Is the same as the one for consolidation.

Buoyant unit weight of cap = 50 pcf



Description: PSR- MSU
Comments: Bearing Capacity
File Name: bearing capacity2nd stage.slp
Last Saved Date; 06/13/2002
Last Saved Time: 3:26:14 PM
Analysis Method: Spencer

•2.197* •(T» * • •

2nd cap lift t = 0.75 ft

Description: cap (1st lift)
Soil-Model: Mohr-Coulomb
Unit Weight: 50
Cohesion: 0
Phi: 32

Description: upper silt
Soil Model: Undralned (Phi=0)
Unit Weight: 47.6 L
Cohesion: 13 p

URS
Figure - Bearing Capacity

RA 4 - 2nd stage capping



Description: PSR-MSU
Comments: Bearing Capacity
File Name: bearing capacity-3rd stage.slp
Last Saved Date: 06/13/2002
Last Saved Time: 3:24:25 PM
Analysis Method: Spencer

Description: cap
Soil Model: Mohr-Coulomb
Unit Weight: 50
Cohesion: 0
Phi: 32

Description: upper silt
Soil Model: Undralned (Phl=0)
Unit Weight: 47.6
Cohesion: 28

C-Maximum: 1500

URS Figure - Bearing capacity
RA 4 - 3rd stage capping



Description: PSR-MSU
Comments: Bearing Capacity
File Name: bearing capacity-4th stage.slp
Last Saved Date: 06/13/2002
Last Saved Time: 3:30:11 PM
Analysis Method: Spencer

Description: cap
Soil Model: Mohr-Coulomb
Unit Weight: 50
Cohesion: 0
Phi: 32

Description: upper silt
Soil Model: Undrained (Phl=i
Unit Weight: 47.6
Cohesion: 28 ,

Figure - Bearing Capacity
RA 4 - 4th stage capping



PSR-MSU CAP PLACEMENT SEQUENCE RA 4
Factor of safety for bearing capacity

sv (psf)
su (psf)

Initial

83.3
10

cap

0,5
end of cons

108.3
13.00120048

stage 2

108.3
13.0012

cap

0.75

end of cons

145.8
17.5030012

stage 3

145.8
17.5030012

cap

1.75
end of cons stage 4

233.3 233.3
28.00720288 28.0072029

cap

2.5

end of cons

358.3
43.01320528

FS=2 FS=2 FS=2 FS=1.9

Assume the following profile:
1. 3.5 ft of organic silt, suo = 10 psf
2.10 ft of sandy silt su = f(depth), sutop = 50 psf, subot = 1500 psf
3.10 ft of silty sand with friction angle = 32 degrees

The strength of the upper silt Is assumed to Increase due to pressure applied by a cap layer.
The increase In strength Is assumed to be proportional to the Increase in effective vertical stress.
The time rate from strength Increase Is the same as the one for consolidation.

Buoyant unit weight of cap material = 50 pcf



Description: PSR- MSU
Comments: Bearing Capacity
File Name: bearing capacity2nd stage.slp
Last Saved Date: 06/27/2002
Last Saved Time: 11:33:51 AM
Analysis Method: Spencer

Description: cap (1st lift)
Soil Model: Mohr-Coulomb
Unit Weight: 50
Cohesion-. 0
Phi: 32

0)
Description: upper silt
Soil Model: Undrained (Phi
Unit Weight: 47.6
Cohesion: 11

URS
Figure - Bearing Capacity

RA 5 - 2nd stage capping
Above-175 feet MLLW



Description: PSR-MSU
Comments: Bearing Capacity
File Name: bearing capacity-3rd stage.slp
Last Saved Date: 06/27/2002
Last Saved Time: 11:37:51 AM
Analysis Method: Spencer

Description: cap
Soil Model: Monr-Coulomb
Unit Weight: 50
Cohesion: 0
Phi: 32

Description: upper silt
Soil Model: Undrained (Phi
Unit Weight: 47.6
Cohesion: 14

C-Maximum: 1500

URS Figure - Bearing capacity
RA 5 - 3rd stage capping
Above-175 feetMLLW



Description: PSR-MSU
Comments: Bearing Capacity
File Name: bearing capacity-4th stage.slp
Last Saved Date: 07/01/2002
Last Saved Time: 1:18:09 PM
Analysis Method: Spencer

4th cap lift = 0.8 feet*

• • • • • «3.Q28* • •
• • • • • QTr • • • «

Description: cap
Soil Model: Mohr-Coulomb
Unit Weight: 50
Cohesion: 0
Phi: 32

Description: upper silt
Soil Model: Undralned (Phl=0)
Unit Weight: 47.6
Cohesion: 18

Figure - Bearing Capacity
RA 5 - 4th stage capping
Above-175 feet MLLW



PSR-MSU CAP PLACEMENT SEQUENCE RA 5
Factor of safety for bearing capacity

sv (psf)
su (psf)

Initial

83.3
10

cap end of cons

0.3 98.3
11.80072029

stage 2

96.3
11.80072

cap end of cons

0.5 123.3
14.80192077

stage 3 cap

123.3 0.6
14.8019208

end of cons

153.3
18.40336134

stage 4 cap

153.3 0.8
18.4033613

end of cons

193.3
23.20528211

FS=3 FS=3 FS=3 FS=3

Assume the following profile:
1. 3.5 ft of organic silt, suo = 10 psf
2.10 ft of sandy silt su = f(depth), sutop = 50 psf, subot = 1500 psf
3.10 ft of silty sand with friction angle = 32 degrees

The strength of the upper silt Is assumed to increase due to pressure applied by a cap layer.
The Increase In strength Is assumed to be proportional to the Increase In effective vertical stress.
The time rate from strength increase is the same as the one for consolidation.



ATTACHMENT C-3
SLOPE STABILITY ANALYSES OF RA1 CAP
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MEMORANDUM

TO: J.DeMuro, D. Schuchardt
FROM: W.M. McCabe
Date: 10/28/02
Project: PSR 90% Design
Job No.: 33753970 (Old # is 53-F4006500)

Re: Results of Geotechnical Analyses, Tasks Gl, G2 and G3

The following discussion of results of the geotechnical analyses are slightly changed from the
preliminary results presented in our conversation of 9/17/02. Since that conversation, the seismic
factors of safety for the slopes have changed slightly since we had not reduced the soil shear
strength values by 20 percent to account for pore pressure increases and strength deterioration
during seismic shaking.

Task Gl - Slope Stability Analysis at 3 Selected Stations

METHOD OF APPROACH: The general approach to slope stability analysis consisted of
estimating the soil profile and shear strength parameters based on URS cone probes closest to the
section in question, checking to see that those parameters were not too low by calculating the
factor of safety (FS) of the existing unfailed slope for the Nisqually earthquake case (factor of
safety should be greater than 1 to match observations of no failure), then calculating the FS of the
proposed capped/rip-rapped slope for static and seismic conditions. The typical soil profile in the
near-shore region consists of a very soft Upper Silt (1.5 ft thick typical, but possibly up to 3 ft)
underlain by a soft to medium stiff Intermediate Silt (1.5 to 3.5 ft thick) followed by a medium
stiff Lower Silt (5 to 15 ft thick) then a mixed Sandy Silt/Silty Sand of intermediate strength (12
to 20 ft thick). The deepest layer encountered is a medium dense sand. The cap design was taken
as the profiles, layers and materials shown on Drawings dated July 26, 2002. The typical section
consists of an upper rip-rap layer followed by a "cap filter" sand then a "cap subgrade" soil. The
effect of adding a rip rap toe buttress was also examined.

For the seismic portion of the analyses, a slightly more conservative approach was taken for these
shallow-water RA-1 slopes than was previously taken for the deep-water RA-4 slopes in Tech
Memo 2. In the previous RA-4 analysis, the measured dry ground surface Peak Ground
Acceleration (PGA) was 0.22g on Harbor Island, but the apparent absence of submarine slope
liquefaction indicated that the equivalent PGA at the deep-water slope location was only about
0.12 g. For this RA-1 analysis, the full 0.22g PGA was assumed to act at the shallow slope
locations, despite that fact that liquefaction would be predicted for this PGA but was apparently
not observed. The higher PGA was used because it is difficult to justify a smaller value given the
closer proximity of the shallow RA-1 slopes to the measured PGA location and ground condition.
The slope stability effect of liquefaction of the new fill was also examined.

The industry -standard seismic safety factor target for slopes associated with civil works projects
is 1.1. When FS values were less than 1, seismic shaking induced downslope displacements were
roughly estimated using charts from Martin and Qui (1994, "Effects of Liquefaction on
Vulnerability Assessment", NCEER Highway Project on Seismic Vulnerability of New and
Existing Highway Construction, Year One Research Tasks - Technical Research Papers.)

C:\DOCUMB~l\davsch\LOCALS~l\Temp\WMMmemo9-25-02Revl.doc
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RESULTS AND CONCLUSIONS:

Station 9+00 : Using data from Cone Probe P1, the safety factor for the proposed cut was
estimated at 1.55 for static conditions. Seismic conditions not applicable here, as final slope
configuration was deemed to be more stable than the two other sections being evaluated. It
should be noted that there are 2 published case histories of excavated submarine slopes
failing despite analyses showing them to be stable (Newby, J.E. and Singh, J.P., "Puget
Sound Alluvium: A Challenge in Design of Pile Supported Port Facilities with Dredged
Slopes", Ports 86 - Proceedings of a Specialty Conference on Innovations in Port Engineering
and Development in the 1990's", American Society of Civil Engineers, 1986; Kraft, L.M.,
Gavin, T.M. and Burtom, J.C., "Submarine Flow Slide in Puget Sound", Journal of
Geotechnical Engineer, ASCE, V.I 18, N. 10,1992). The case histories are a reminder that the
actual stability of submarine slopes can be difficult to predict accurately, and that dredging on
slopes should be performed cautiously. CONCLUSION - Cut slope expected to be stable,
but proceed with caution (avoid over-cutting, limit length of cut and duration the cut is left
open before backfilling).

Station 16+50: For the proposed slope configuration and using data from Cone Probes P4
and P7, the static FS is 1.52 and the seismic FS is 0.97 to 1.07 depending on the nature of the
cap subgrade fill (see Table 1). The seismic FS was obtained by assuming that liquefaction
does not occur, and that the 1.5-foot thick layer of "upper silt", typically characterized by an
un-improved undrained shear strength of 100 psf, gets mixed with and/or displaced by the
first few lifts of a granular "cap subgrade" consisting of either a reasonably well graded sand
or a crushed stone product. The final "improved" shear strength of the upper silt is
represented by a friction angle of 33 degrees if cap filter sand is used for the first few lifts,
and by a friction angle of 35 degrees if a crushed stone select fill is used for the first few lifts.
Use of a crushed stone or rockfill product produces the seismic FS of 1.07, which is
considered sufficiently close to the desired 1.1 value.
The liquefaction potential of the cap subgrade sand, considered the most seismically
vulnerable of the types of fill contemplated in the design, was evaluated for liquefaction
susceptibility using the LiquefyPro software. The relative density of the fill was estimated
using published information on characteristics of hydraulic fill placed below water by various
methods. The residual shear strength of the fill in a liquefied condition was estimated using
an overburden relationship developed by Dobry and Baziar (1992, "Modeling of Lateral
Spread in Silty Sands by Sliding Blocks", in Stability and Performance of Slopes and
Embankments, ASCE Geotechnical Special Publication No.31, Berkley, CA) for the lower
bound value, and using the Seed and Harder (1990, "SPT-Based Analysis of Cyclic Pore
Pressure Generation and Undrained Residual Strength", Proceedings of the H. Bolton Seed
Memorial Symposium, Univ. of Calif.., Berkeley, CA, V.2) N-value related curve for the
upper bound (400 psf). The stability analyses were again conducted using the two residual
strength values, which resulted in minimum seismic FS values of 0.8 and 1.6. An average
value was assumed to representative of the actual situation, and an acceptable seismic FS is
obtained.
CONCLUSION - The first 2 feet of fill should be a well graded angular select fill to
eliminate the weak zone that is producing seismic FS values less than 1.0 . The select
granular fill should have a loose-condition friction angle of at least 37 degrees. A crushed
stone or rockfill product would be appropriate for this select fill. If the select crushed stone or
rockfill is not used for the first few lifts, seismic shaking at the design earthquake level would
likely result in a small amount of downslope deformation of less than a few inches by rough
estimation. The subgrade sand fill is potentially liquefiable at the design level PGA of 0.22g,

C:\DOCUME~l\davsch\LOCALS~l\Temp\WMMmemo9-25-02Revl.doc
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but the residual strength of the fill appears to be high enough to provide a seismic FS of at
least 1.1.

Station 17+85: For the proposed slope configuration, the static FS is 1.49 and the seismic FS
is 0.97 to an estimated 1.07 depending on the nature of the cap subgrade fill. These results
were obtained assuming that the 1.5 foot thick layer of "upper silt" (typical un-improved
undrained shear strength of 100 psf) gets mixed with or displaced by the first few lifts of
"cap subgrade" consisting of either a reasonably well graded sand or a crushed stone product.
The final "improved" shear strength is represented by a friction angle of 33 degrees if cap
filter sand is used for the first few lifts, and the seismic FS of 0.97 results. If a well graded
angular select fill such as crushed stone or a rockfill product is used for the first few lifts in
the "cap subgrade" zone, the strength of the improved upper silt can be represented by a
friction angle of 35 degrees, and the seismic FS is expected to increase to at least 1.07,
similar to the Station 16+50 situation. As the slope angles are slightly steeper at Station
16+50 than at Station 17+85, only the static and seismic case without the new buttress were
actually analysed using UTEXAS, while the FS values for other situations were assumed to
be related proportionally in a manner similar to the results for Station 16+50.
CONCLUSION - The first 2 feet of fill should be a well graded angular select fill to
eliminate the weak zone that is producing seismic FS values less than 1.0 . For Station
17+85, this essentially means replacing the entire layer of cap subgrade with the select fill.
The select fill should have a loose-condition friction angle of at least 37 degrees. A crushed
stone or rockfill product would be appropriate for this select fill. If the select crushed stone or
rockfill is not used for the first few lifts, seismic shaking at the design earthquake level would
likely result in small amount of downslope deformation of less than a few inches by rough
estimation.

OVERALL GENERAL CONCLUSIONS; Slopes that are configured similar to those at Stations
16+50 and 17+85 cannot achieve that target seismic FS of 1.1 unless select fill such as rockfill or
crushed stone is used as the initial lifts to strengthen and/or replace the existing very soft Upper
Silt and to improve the upper portion of the Intermediate Silt layer.

TABLE 1 - Summary of Stability Analyses at Selected Stations

STA

16+50

17+85

Cap
Config

No
Buttress

With
Buttress

No
Buttress

Static FS
Silt phi 33
dee
1.52

1.82

1.49

Silt phi 35
dee

Seismic FS
Silt phi
33 dee
0.97

1.03

0.97

Silt phi 35
deg
1.07

>1.07

Fill
liquefies
1.17ave.

1.38ave.

Note: "Silt phi" refers to the friction angle of the upper silt layer after mixing/displacement
with either filter sand (producing silt phi of 33 degrees) or select crushed stone fill (producing silt

phi of 35 degrees).
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Task G2 - Slope Stability Analysis For Steeper Rip Rap Considerations

Analyses performed using a simple "infinite slope" approach and collected data on die properties
of loose sand indicates that the reasonably well graded "cap subgrade" sand can probably be
placed underwater using backhoe or similar bucket methods to achieve a relative density that
would be associated with an angle of repose of approximately 30 to 31 degrees. Placing this
material on a 2 Horizontal on 1 Vertical slope (26.5 degree angle) will result in a temporary
safety factor of approximately 1.2. This situation is adequate until placement of overlying
materials (filter sand and rip rap) further densities the cap subgrade to its final assumed friction
angle of 33 degrees. Placing the cap subgrade sand at angles steeper than 2H:1V would result in a
high likelihood of local sloughing and instability.
CONCLUSION: Placing cap subgrade at 2 Horizontal -to- 1 Vertical will result in adequate
temporary safety factor, but sloughing and stability problems may occur for steeper inclinations.

Task G3 - Preliminary Pile Downdrag Analysis at Observation Pier

In order to bracket the possible response of the piles to the placement of as much as 10 feet of fill,
two separate possible soil profiles were examined:

Profile 1 - 3.5 ft of highly compressible silt overlying at least 30 feet of compressible silt and
sand mixture.

Profile 2 - 3.5 ft of highly compressible silt, underlain by 16.5 ft of compressible silt and sand
mix, underlain by at least 20 ft of medium dense sand.

As the actual length of the piles is unknown, an embedment of 30 feet below the mudline was
assumed on the basis that longer piles would not likely have been use for such a minor structure.

For Soil Profile 1, the pile tip is embedded in compressible soil and is expected to settle with the
soil by an amount approximately equal to 20 inches. This maximum amount of settlement would
occur at the location of the thickest fill, and settlement at the entrance to the pier and at the end of
the pier would be very small.

For Soil Profile 2, the pile tip is embedded in a medium dense low compressibility sand that will
settle only a small amount from the effects of the future fill placement, and will offer resistance to
downdrag loads applied to the pile. Overall, the pile settlement is expected to be approximately 2
inches.

CONCLUSION - In the worst case scenario, the piles near the center of the pier could settle
approximately 20 inches. It is also likely that a small amount of downslope lateral deformation of
the piles on the steepest portion of the slope could occur during fill placement.
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FIGURES FOR ATTACHMENT C-3
GEOTECHNICAL - SLOPE STABILITY

Fig Gl - Station 9+00 Profile per plan
Fig G2 - Station 9+00 Utexas analysis results
Fig G3 - Station 16+50 Profile per plan with buttress
Fig G4 - Station 16+50 Utexas analysis results, static, no buttress
Fig G5 - Station 16+50 Utexas analysis results, static, with buttress
Fig G6 - Station 16+50 Utexas analysis results, seismic with silt phi = 33 degrees
Fig G7 - Station 16+50 Utexas analysis results, seismic with silt phi = 35 degrees
Fig G8- Station 16+50 Utexas results, seismic with liquefaction, upper bound strength
Fig G9 - Station 16+50 Utexas results, seismic with liquefaction, lower bound strength
Fig G10 - Station 17+85 Profile per plan, no buttress
Fig Gil - Station 17+85 Utexas results, static, no buttress
Fig G12 - Station 17+85 Utexas results, seismic, no buttress
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STRENGTH
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Friction angle: 0
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1

2

3

4

5

6

7

8

g
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DESCRIPTION

upper rip rap

cap filter

cap subgrade

rip-rap

remediated upper
silt

upper silt

Improved
Intermediate silt

Intermediate silt

lower silt

silly sand / sandy
silt

sand

bedrock

UNIT
WEIGHT

135

110

110

135

110

110

110

110

110

110

110

150

SHEAR
STRENGTH

Cohesion: 0,0
Friction angle: 45

Cohesion: 0.0
Friction angle: 35

Cohesion: 0.0
Friction angle: 33

Cohesion: 0.0
Friction angle: 45

Cohesion: 0.0
Friction angle: 33
Cohesion: 100.0
Friction angle: 0
Cohesion: 244.0
Friction angle: 0
Cohesion: 200.0
Ffiotion tmglo! 0
Cohesion: 500.0
Friction angle: 0
Cohesion-. 800.0
Friction angle: 0
Cohesion: 0.0

Friction ancjle: 35
Very Stronq
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PRESSURE
Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Lino no 1 —

Piezometric
Line no. 1

Piezometric
Line no. 1

Piezometric
Line no. 1
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DESCRIPTION

upper rip rap

cap fitter

cap subgrade

rip-rap

romodlatod upper
silt

upper silt

Improved
Intermediate silt

Intermediate silt

lower silt

sllty sand / sandy
silt

sand

bedrock

UNIT
WEIGHT

135

110

110

135

110

110

110

110

110

110

110

150

SHEAR
STRENGTH

Cohesion: 0.0
Friction angle; 45

Cohesion: 0.0
Friction angle: 35

Cohesion: 0.0
Friction angle: 33

Cohesion: 0.0
Friction angle: 45

Cohesion: 0.0
Friction anglo: 33
Cohesion: 100.0
Friction angle: 0
Cohesion: 244.0
Friction anglo: 0
Cohesion: 200.0

Cohesion; 500.0
Friction anglo: 0
Cohesion: 000.0
Friction anglo: 0
Cohesion: 0.0

Friction angle: 35
Very Stronq
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PRESSURE
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Line no. 1
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Line no. 1
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Line no. 1

Plezomotrlc
Lino no. 1
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Piezomotrlc
Line no. 1
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Lino no. 1

PlezomoWc
Lino no. 1

Not Applicable
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DESCRIPTION

upper rip rap

cap filter

cap subgrade

rip-rap

remediated upper
silt

upper sill

Improved
intermediate silt

Intermediate silt

lower silt

siity sano / sanay
silt

sand

bodrock

UNIT
WEIGHT

135

110

110

135

110

.110

110

110

110

110

110

150

SHEAR
STRENGTH

Cohesion: 0.0
rrlction angle: 45
Cohesion: 0.0

Friction angle: 35
Cohesion: 0.0

Friction anglo: 33
Cohesion: 0.0

Friction angle: 45
Cohesion: 0.0

Friction anglo: 33
Cohesion: 60.0
Friction anglo: 0
Cohesion: 1 95.0
Friction anglo: 0
Cohesion: 1 60.0
Friction anglo: 0
Cohesion: 500.0
Friction angle: 0
uonesion; uuu.v
Friction anglo: 0
Cohesion: 0.0

Friction anglo: 35
Very Stronq

PORE
PRESSURE
Piezometrlc
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Uno no. 1

Plozometric
Line no. 1
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Line no. 1
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Uno no. 1
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Line no. 1

Plozometric
Lino no. 1

Not Applicable
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DESCRIPTION

upper rip rap

cap flltor

cap subgrade

rip-rap

remediated upper
silt

upper silt

Improved
Intermediate silt

intermediate silt

lower silt

sllty sand / sandy
olll

sand

bedrock

UNIT
WEIGHT

135

110

no

133

110

110

110

110

110

110

110

150

SHEAR
STRENGTH

Cohesion: 0.0
Friction angle: 45

Cohesion: 0.0
Friction angle: 35

Cohesion: 0.0
Friction angle: 33

Cohesion: 0.0
Friction angle: 45

Cohesion: 0.0
Friction angle: 35
Cohesion: 80.0
Friction angle: 0
Cohesion: 105.0
Friction angle: 0
Cohesion: 160.0
Friction angle: 0
Cohesion: SOO.O
Friction angle: 0
Cohesion: 800.0
(Motion ongloi 0

Cohesion: 0.0
Friction angle: 35

Very Strong

PORE
PRESSURE
Plezometric
Line no. 1

Plezometric
Une no. 1

Plezometric
Line no. 1

Plezometric
Una no. 1

Plezometric
Line no. 1

Plezometric
Line no, 1

Plezometric
Line no. 1
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Line no. 1

Plezometric
Une no, 1

Plezometric

Plezometric
Line no, 1

Not Applicable
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DESCRIPTION

upper rip rap

cap niter

liquefied cap
subgrade

rip-rap

remediated upper
silt

upper silt

Improved
intermediate silt

intermediate silt

lower silt

silt

sand

bedrock

UNIT
WEIGHT

135

110

110

135

110

. 110

110

110

110

110

110

160

SHEAR
STRENGTH

Cohesion: 0.0
Friction angle: 45

Cohesion: 0.0
Friction angle: 35
Cohesion: 400,0
Friction angle: 0
Cohesion: 0.0

Friction angle: 45
Cohesion: 0.0

Friction anglo: 33
Cohesion: 00.0
Friction ongle: 0
Cohesion: 195.0
Friction angle: 0
Cohesion: 160.0
Friction anglo: 0
Cohesion: 500.0
Friction anglo: 0

Friction angle: 0
Cohesion: 0.0

Friction angle: 35
Very Strong

PORE
PRESSURE
Plezometric
Line no. 1

Plezometric
Line no. 1

Piezometric
Line no. 1

Plezometric
Line no. 1

Plezometric
Line no. 1

Plezometric
Line no. 1

Plozometric
Line no. 1

Plezometrtc
Line no, 1

Plezometric
Line no. 1

Lino no. 1
Plezometric
Line no. 1

Not Applicable
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DESCRIPTION

upper rip rap

cap flltor

liquefied cap
subgrade

rip-rap

remediated upper
silt

upper silt

Improved
Intermediate silt.

intermediate silt

lower silt

silty sand / sandy
slit

sand

bedrock

UNIT
WEIGHT

135

110

110
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110

110

110

110
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150

SHEAR
STRENGTH

Cohesion: 0.0
Friction angle: 45

Cohesion: 0.0
Friction angle: 35
Cohesion: 50.0
Friction angle: 0
Cohesion: 0.0

Friction angle: 45
Cohesion: 0.0

Friction angle: 33
Cohesion: 80.0
Friction angle: 0
Cohesion: 195.0
Friction angle: 0

Cohesion: 160.0
Friction angle: 0
Cohesion: 500.0
Friction angle: 0
Cohesion: 800.0
Friction angle: 0
Cohesion: 0.0

Friction angle: 35
Very Strong

PORE
PRESSURE
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Line no. 1
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Line no. 1
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Line no. 1
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Line no. 1
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Line no. 1

Plezomelrtc
Line no. 1
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Line no. 1
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Line no. 1
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Line no. 1

Plezometric
Line no. 1
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25 50

Date: TueOct 15 2002

75 100 125 150 175 200

Filename: C:\Program Files\UTEXAS\16+50 BERM LIQ Dobrv NEW.UT4 Time: 10:43:3

Case : 3



-30

2+00

CAP TRANSECT
STATION 17+00

C-9

0 6 10 20
SCALE INFEST

SOUTH NORTH

2+01,-b50

CAP TRANSECT

rUHwt T.\«
tin cwt CV»

STATION 17+85

\r»\M-i«*i\Wr\j« Mr»\c-70.*i ^ 4-
ffil U: i|£« ^ ^^

A7+87\ "fl|
c-9 'T

II HORIZONTAL
0 ' l̂ ^̂ ^̂ M^̂ 3̂̂ ^H^^^^ • ' 'f ̂ ^̂ ^™— ̂

0 9 10 20
SCALE IN FEET

3

^15 £(0

2



PSR-MSU
80

60

40

20

-20

-40

-60

Factor of safety: 1.492
Side force Inclination: -7.6 degrees

SHEAR
STRENGTH

PORE
PRESSURE

DESCRIPTION

Cohesion: 0.0
Friction angle: 32
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Friction anqle: 45
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Line no. 1

Cohesion: 0.0
Friction angle: 36
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Line no. 1

Cohesion: 0.0
Friction anqle: 36
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Cohesion: 0.0
Friction angle: 45
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Cohesion: 0.0
Friction angle: 35
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Cohesion: 100.0
Friction angle: 0
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Line no. 1
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intermediate silt

Cohesion: 244.0
Friction angle: 0
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Line no. 1intermediate silt
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Line no. 1

•25 0

Date: Fri Sep 20 2002

25 50 75 100 125

Filename: C:\Program Files\UTEXAS\17+85 post-cap new stat.UT4

150 175

Time: 11:02:5£

Gsc.,e. :



/A , CtolTU

PSR-MSU

40

20

-20

-40

•60

Factor of safety: 0.96
Side force Inclination: -

UNIT
WEIGHT

SHEAR
STRENGTH

PORE
PRESSURE

DESCRIPTION

Cohesion: 0.0
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Cohesion: 195.0
Friction angle: 0
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Line no. 1

Cohesion: 160.0
Friction anole: 0

Piezometrlc
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Cohesion: 600.0

sllty sand / sandy
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Cohesion: 800.0
Friction angle: 0
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Line no. 1

0 25

Date: Fri Sap 20 2002

50 75 100 125 150

Filename: C:\Proqram Files\UTEXAS\17+85 post-cap new.UT4

175 200

Time: 10:58:20

CW ••



Appendix D



APPENDIX D

CAP PLACEMENT MODELING



FINAL DESIGN SUBMITTAL
PSR Superfund Site, Marine Sediment Unit Appendix D
RAC, EPA Region 10 Date: 02/03/03
Work Assignment No. 065-RD-RD-101L Page D-iii

CONTENTS

D.I RA-SPECIFIC CAP PLACEMENT MODELING D-l
D.I.I Model Scenarios D-2
D.1.2 Model Input Parameters D-3
D.I.3 Placement Modeling Results D-7
D.I.5 Using STFATE to Estimate Operational Thickness Allowance D-l 1
D.1.6 Cohesive Materials D-l 1

D.2 RA4/RA5 BOUNDARY MODELING D-12
D.2.1 Estimate of Buoyant Unit Weight of Dredged Material D-12
D.2.2 Allowable Lift Height for RA5 D-13
D.2.3 Predicted Long-Term Mound Geometry versus Depth D-13
D.2.4 Determination of RA4/RA5 Boundary Location D-13
D.2.5 Predicted Short-Term Mound Geometries and Construction Monitoring

in RA5 D-14

FIGURES

D-l STFATE Representative Model Locations D-15
D-2 Mound Geometry for Single-Pass 200-foot Grid Bottom Dump Placement

in RA5 D-17
D-3 Simulated Multiple Pass 200-foot Grid Bottom Dump Placement in RA5 D-l9
D-4 Multiple-Pass Grid Mound Geometry in RA5 D-21
D-5 Analysis of Maximum Mound Height Versus Depth D-22

TABLES

D-l Maximum Mound Heights and Settled Volumes for Bottom-Dump Placement . . . . D-23

ATTACHMENTS

D-l Cap Deposition Calculations and USAGE STFATE Model Output
D-2 Calculations of Offsite Transport in RA2a, RA2b, and RA4; and Evaluation of RA5

Offset Near RA4/RA5 Boundary

W:\06500\l 00% Design SubmittalXAppendix D.wpd



FINAL DESIGN SUBMITTAL
PSR Superfiind Site, Marine Sediment Unit Appendix D
RAC, EPA Region 10 Date: 02/03/03
Work Assignment No. 065-RD-RD-101L Page D-1

APPENDIX D

CAP PLACEMENT MODELING

D.I RA-SPECIFIC CAP PLACEMENT MODELING

Modeling was conducted to evaluate the placement of capping material in the MSU. The
purposes of this modeling are:

• Predict the mound geometries from instantaneous bottom-dump placement of
capping material in representative locations of the MSU

• Assess the need for controlled methods of placement based on the instantaneous
bottom-dump mound geometries

• Assess the placement approach for multiple instantaneous bottom-dump
placement events in RA5 to accomplish a desired cap thickness

• Evaluate the short-term water quality impacts from release of suspended solids
during placement

• Assess off-site transport of cap material during placement

Model results pertaining to the last objective (short-term water quality impacts) are discussed
separately in Section 5.0.

The model used in this analysis is STFATE (Short-Term FATE of dredged material in the open
water) developed by Johnson et al. in 1994 to simulate discrete discharges from barges and
hoppers. In the model, the behavior of the material during disposal is assumed to be separated
into three phases: convective descent, during which the disposal cloud falls under the influence
of gravity and its initial momentum is imparted by gravity; dynamic collapse, occurring when the
descending cloud either impacts the bottom or arrives at a level of buoyancy where descent is
retarded and horizontal spreading dominates; and passive transport-dispersion, commencing
when the material transport and spreading are determined more by ambient currents and
turbulence than by the dynamics of the disposal operation.

hi RA5, instantaneous bottom-dump placement is the anticipated method of cap construction,
and so these STFATE model results directly apply to this placement technique, hi RA1 through

W:\06500\l00% Design SubmittalVAppendix D.wpd
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RA4, actual placement specifications will be performance-based, potentially with prescriptive
constraints. The STFATE model results are useful in these areas to define constraints on where
instantaneous bottom-dump placement methods may be allowed. Attachment D-l presents the
model inputs and output results.

The STFATE model used in these analyses is known to have limitations in modeling material
deposition on steep slopes or controlled placement procedures. However, the modeling is
considered suitable for the objectives described above. Where the modeling indicates
instantaneous bottom-dump placement is not appropriate, controlled placement methods are
specified. These methods will not be modeled, but rather performance requirements will be set
and the placement results will be verified in the field. It is also stressed that bottom-dump barges
can be used for controlled placement of capping material, and there is a distinction between such
controlled placement (using a towed, split-hull bottom-dump barge that slowly releases material)
and instantaneous release, which is the method used at the Puget Sound Dredged Disposal
Analysis disposal sites.

D.I.I Model Scenarios

Placement of dredged material or upland material for capping was simulated for four different
representative locations in the MSU. Five scenarios, or "runs," were developed to simulate the
different physical conditions expected at the site and the associated capping materials that may be
used. The runs are as follows:

• Run 1 - RA2b. This run assumed placement at sample location EB016, which
represents the eastern shallow nearshore area. Placement was modeled for a
1,000-cubic-yard (cy) barge of typical dredged material. (Note: representative
sample locations were chosen for modeling purposes. The sample locations for
STFATE modeling are shown on Figure D-1.)

• Run 2 - RA2b. This run also assumed placement at sample location EB016.
Placement was modeled for a 1,000-cy barge of an upland cap material of mostly
medium sand (as defined by STFATE standard parameters). Together with
Run 1, this run was designed to compare the effects of upland material to dredged
material on the mound geometry in a location where either material source may
meet the materials specifications.

• Run 3 — RA2a. This run assumed placement at sample location 203, which
represents the western shallow nearshore area. Placement was modeled for a
1,000-cy barge of an upland cap material of mostly coarse sand (as defined by
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STFATE standard parameters). Coarse sand was specified consistent with the
requirements indicated by the erosion analysis.

• Run 4 - RA4. This run assumed placement at sample location B3, in the steep
offshore area. Placement was modeled for a 1,000-cy barge of mostly medium
sand (as defined by STFATE standard parameters).

• Run 5 - RA5. This run assumed placement at sample location PI9, in the deep
offshore area. Placement was modeled for a 1,000-cy barge of a typical dredged
material.

Model runs were not attempted for RAlor RA3 because placement in these areas will likely be
accomplished with mechanical equipment from shore or barge.

D.I.2 Model Input Parameters

The STFATE Model input data are grouped into the following category areas: (1) description of
the cap site, (2) description of the site velocities, (3) controls for input, execution, and output,
(4) description of cap materials, (5) description of the disposal operation, and (6) model
coefficients.

Cap Site

The cap site description was based on the bathymetry for each area. Each run was considered
individually, and an appropriate bathymetric grid was input into the model. For Runs 1 to 4,
idealized bathymetry was assumed to approximate local site conditions, because a significant
level of effort would be required to input the detailed bathymetric data into the model. Runs 1 to
3 assume a constant depth for the entire model grid, consistent with the relatively flat local
bathymetry in RA2. For Run 4, the model assumes a steep (26 percent) and constant slope for
the entire width of the grid, approximating conditions in RA4. The downgradient limits of the
model grid in Run 4 extend deeper than the true bathymetry, but this artifact is well beyond the
limits of significant mound height and so is not detrimental. Run 5, the deep-water run
simulating RA5, is the only run to use a true bathymetric grid across its entirety.

Water Velocities

The model assumed a 0.1 ft/sec water velocity in the direction towards shore. This magnitude is
based on the average velocities measured at CM-1 and CM-2, as reported in the pre-design
investigation data summary (USEPA 2002). The true velocities varied in magnitude and
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direction. The velocity was applied as constant throughout the water column, and always in the
same direction.

Controls for Input, Execution, and Output

The model analysis was performed for descent, collapse, and transport-diffusion. Simulation for
all runs was performed over the 3,600 seconds immediately following the material dump,
modeled in 300-second time segments. Long term transport-diffusion results were requested at
the bottom of the water body, at 5 feet above the bottom, and at the halfway point between the
bottom and the water surface. For the deep water scenario (Run 5), the results were requested at
the one-third and two-thirds points between top and bottom instead of the half-way point.

Description of Cap Materials, Disposal Operation, and Model Coefficients

The description of cap materials varied according to the materials types appropriate to each RA.
For the dredged material, an "average" from the Snohomish and Duwamish Rivers was used.
Attachment D-l includes the calculation of the average dredge materials gradation. Water
content of the dredged material was assumed approximately 55 percent by volume.

For upland materials, representative materials consisting of either a medium sand mix or a coarse
sand mix were used as defined by STFATE standard parameters. The upland cap material was
assumed to contain 55 percent water by volume. The upland materials specifications have not
yet been developed, but for the purposes of this modeling, the assumed materials types are
considered to be sufficiently similar to the materials ultimately used.

All runs simulated 1,000 cubic yards of material dumped from a split hull barge. Duration of
disposal and vessel velocity for all runs was 20 seconds and 0.0 ft/sec respectively. The assumed
vessel velocity was not found to significantly affect the final mound geometry.

Model coefficients used were all standard inputs used in the model. Material void ratios for silt
and clay are lower than the suggested model inputs. The lower void ratios are viewed as
representative of long-term conditions in the mounds.

Overview of Inputs for Each Run

The following is an explanation of the inputs to each of the model runs.
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Run 1 - Sample Site EB016 - RA2b
Grid Size: 4,800 x 1,600 square feet - 32 x 32 grid with 150-foot spacing in the X-Direction
(offshore), and 50-foot spacing in the Z-Direction (along shore)
Grid Depth: Constant 30.0 feet
Dump Location: Point #17 from left, Point #12 from top
Depth at Dump Location: 30.0 feet
Transport-Diffusion Results at:

15 feet below water surface
25 feet below water surface

Material Description: Typical Duwamish Dredgeate; 1 layer
Gravel - 0.39%
Medium Sand - 24.57%
Silt-14.85%
Clay-3.24%

Void Ratios: Long-Term
Gravel - 0.5
Medium Sand - 0.6
Silt-2.25
Clay-2.5

Run 2 - Sample Site EB016 - RA2b
Grid Size: 4,800 x 1,600 square feet - 32 x 32 grid with 150-foot spacing in the X-Direction
(offshore), and 50-foot spacing in the Z-Direction (along shore)
Grid Depth: Constant 30.0 feet
Dump Location: Point #17 from left, Point #12 from top
Depth at Dump Location: 30.0 feet
Transport-Diffusion Results at:

15 feet below water surface
25 feet below water surface

Material Description: Medium Upland Sand mix; 1 layer
Gravel - 2.25%
Medium Sand - 27%
Fine Sand - 9%
Silt-6.75%

Void Ratios: Long-Term
Gravel - 0.5
Medium Sand - 0.6
Silt-2.25
Clay-2.5
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Run 3 - Sample Site 203 - RA2a
Grid Size: 3,200 x 3,200 square feet - 32 x 32 grid with 100-foot spacing
Grid Depth: Constant 43.0 feet
Dump Location: Point #17 from left, Point #17 from top - center of grid
Depth at Dump Location: 43 feet
Transport-Diffusion Results at:

20 feet below water surface
38 feet below water surface

Material Description: Coarse Upland Sand mix; 1 layer
Gravel-2.25%
Coarse Sand - 27%
Medium Sand - 9%
Silt - 6.75%

Void Ratios: Long-Term
Gravel - 0.5
Medium Sand - 0.6
Silt-2.25
Clay-2.5

Run 4 - Sample Site B3 - RA4
Grid Size: 1,600 x 4,200 square feet - 32 x 42 grid with 100-foot spacing in the X-Direction
(offshore), and 50-foot spacing in the Z-Direction (along shore)
Grid Depth: Range from 0 feet to 475 feet. Approximate 26% grade at dump location
Dump Location: Point #17 from left, Point #18 from top, center from left, 1,700 feet from
top
Depth at Dump Location: 72 feet
Transport-Diffusion Results at:

35 feet below water surface
65 feet below water surface

Material Description: Medium Upland Sand mix; 1 layer
Gravel - 2.25%
Medium Sand - 27%
Fine Sand - 9%
Silt-6.75%

Void Ratios: Long-Term
Gravel - 0.5
Medium Sand - 0.6
Silt-2.25
Clay-2.5
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Run 5 - Sample Site PI 9 - RA5
True Grid (deep water, sloped with true bathymetric grid)
Grid Size: 1,500 x 1,000 square feet - 30 x 20 grid with 50-foot spacing
Grid Depth: Range from 37 ft to 237 ft. Approximate 9% grade from top to bottom, 5% left
to right
Dump Location: Point #11 from left, Point #16 from top - center of grid
Depth at Dump Location: 171 feet
Transport-Diffusion Results at:

50 feet below water surface
100 feet below water surface
165 feet below water surface

Material Description: Duwamish Dredgeate; 1 layer
Gravel - 0.39%
Medium Sand - 24.57%
Silt-14.85%
Clay-3.24%

Void Ratios: Long-Term
Gravel - 0.5
Medium Sand - 0.6
Silt - 2.25
Clay-2.5

D.1.3 Placement Modeling Results

Results of each of the model runs are included in Attachment D-l. Included for each model
output are summary tables that present the final mound thickness (ft) across the bottom of each
grid, and the transport diffusion concentrations above background (mg/L) at specified depths
across each grid. The transport diffusion results are presented for each sediment type at each
specified depth, and as a sum total of all the concentrations of each sediment type. A complete
model output file is provided for Run 5.

Table D-l summarizes the maximum mound thickness for each run and the amount of material
settled and suspended after model completion (3,600 seconds after the dump).

Model Sensitivity and Limitations

Grid size was a limiting factor in determining whether the model would run to completion. The
model stops running when the centroid of one of the sediment clouds passes out of the model
grid. Therefore, the model has to be run with large grid sizes. This constraint made it difficult to
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use a true bathymetric grid, as the true grid for the shallow runs would be too small near the
dump points for the model to complete its simulation (because of the presence of the shoreline).

The water velocity, barge dump time and barge velocity had little effect on final mound geometry
and thickness. These input parameters, when changed, would have some effect on predicted
mound shape and thickness, but before the maximum thickness could change significantly, the
sediment clouds would pass outside the grid, causing the model to stop running. In general, it
was not possible to modify dump time and barge velocity to accurately simulate specialized
placement methods in RA2 or RA4.

USAGE has indicated that one controlled placement method (towed split-hull barge placement)
can be approximated by inputting extremely long barge lengths (e.g., 1,000-foot long barges).
This has not been attempted, as other placement methods (such as hydraulic washing from a flat-
deck barge) are likely to be used in these areas.

Placement in RA2

Run 1, Run 2, and Run 3 each produced similar mound geometries for the flat, shallow
conditions in RA2 (a and b). Maximum mound heights ranged from 0.6 to 1.0 foot, with mound
heights substantially tapering off within less than 100 feet of the dump point. Material types
(upland versus dredged materials) appeared to have a limited effect on the mound heights, as
evidenced by the results of Run 1 compared to Run 2 (0.7 foot mound height for dredgeate versus
0.6 foot mound height for medium sand). Within 3,600 seconds of the placement, 98 to
99 percent of the material would be deposited on the bottom.

STFATE predicts relatively "tight" mounds associated with instantaneous bottom-dump
placement in the shallow waters of RA2. Thus, it is considered impractical to place a relatively
uniform cap through a series of instantaneous bottom-dump placement events. Even assuming
ideal barge positioning on tightly-spaced grids, the final surface would resemble a series of
discrete mounds and valleys, and a substantial amount of additional cap material would be
required to ensure the minimum cap thickness is achieved everywhere (i.e., T0 would be large).
Relatively small errors in barge positioning would exacerbate this effect.

Based on the discussions in Section 4.2.2, the maximum mound heights are somewhat lower that
the 1 -foot allowable lift height to avoid bearing capacity failures. However, this allowable lift
height was calculated assuming the factor of safety (FS) is 1 for this area, based on the presumed
use of controlled placement methods. A higher FS of 2 to 3 would be appropriate for
instantaneous bottom-dump placement in RA2, and it is likely that bearing capacity failures
would be predicted under this scenario.
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In summary, the STFATE results indicate that instantaneous bottom-dump placement is not
appropriate for RA2a or RA2b.

Placement in RA4

Run 4 produced a maximum mound height of 0.76 foot in RA4, with a mound geometry similar
to but somewhat broader than Run 2, which also used a medium sand. The model indicates that
there is 95 cubic feet suspended after 3,600 seconds, but the sediment clouds are not encountered
at 30- or 65-foot depths. The cloud of suspended silt may be deeper than the dump point, which
is at 72 feet. Within 3,600 seconds of the placement, 99 percent of the material would be
deposited on the bottom.

Based on the discussions in Section 4.2.2, it is concluded that bearing capacity failures would be
expected with bottom-dump placement in RA4. Also, based on the Run 1 and Run 2 results
(which showed similar mound heights for dredged and upland materials), use of dredged material
rather than upland sand in RA4 would also be expected to result in bearing capacity failures.

Placement in RA5

The mounds modeled in RA5 are much broader and flatter than the other model runs, due to the
dispersion of the relatively fine-grained material and the deep bathymetry. The predicted mound
geometry for a single disposal from a typical 1,000-cy barge in RA5 is shown in Attachment D-l.
The resulting single mound is several hundred feet in diameter with a maximum height of only
0.29 foot. This broad, flat geometry implies that this type of placement is readily amenable to a
process of building up the desired cap thickness through multiple bottom dumps on a regular
grid. Further, the maximum mound height from a single dump is below the anticipated bearing
capacity of the bottom sediments at the modeled depth of-175 feet MLLW, indicating that
failures of the bottom sediments are not anticipated to result from bottom dump placement.

Within 3,600 seconds of the placement, 97 percent of the material would be deposited on the
bottom. A broader area would be expected to receive an additional very thin deposit over time as
the fine-grained material continues to settle out of the water column. While much of this
material would likely settle within the desired capping area, a significant portion may be
transported off site.

Multiple Bottom-Dump Placement in RA5

To simulate the multiple disposals that will be required to create the cap in RA5, the STFATE
mound geometry for a single mound was assumed to be relatively constant and independent of
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position within RA5. With this assumption, several mounds were superimposed on each other
with additive placement of material by disposal on a regular grid. This grid was defined with 25
nodes on 200-foot spacings. (This hypothetical grid is expanded in the design to cover the entire
area of RA5.) This grid disposal was simulated on an Excel spreadsheet, similar to an approach
recently used by USAGE at Commencement Bay (USACE 2001). The selection of 200 feet as
the grid spacing is based on the overlap required to create a fairly uniform superposition of
mounds. Figure D-2 depicts the mound geometry resulting from a single pass of disposal events
on a 200-foot grid. This simulation shows that a relatively uniform cap lift of approximately
0.5 foot can be accomplished by disposal on a regular 200-foot grid.

To simulate the buildup of several lifts to achieve the desired cap thickness, multiple placement
events were modeled additively. The modeling indicates that a series of 4.5 idealized disposal
events (assuming a typical 1,000-cy barge) will be required at each target location. This
translates to a minimum of 4,500 cy placed at each target location. The target locations are
spaced at regular 200-foot intervals. All STFATE mound heights are based on the long-term,
post-consolidation properties of the deposited cap material. Thus, the results are evaluated
against the required post-consolidation minimum cap thickness of 24 inches.

Figure D-3 and Figure D-4 depict the resulting long-term mound geometry for an idealized
800-foot by 800-foot capping area. This simulation shows that a relatively uniform cap
averaging 30 inches thick can be accomplished by this method. The outer nodes of the grid
exhibit slightly diminished cap thicknesses because they do not experience the additive effects of
mound aprons beyond the defined grid. Along the perimeter defined by the outer nodes, a
minimum mound height of 23 inches was predicted. Thus, one additional 1,000 cy disposal
event is specified around the RA5 cap perimeter to compensate for these edge effects.

The assumption of constant mound geometry in RA5 is required for the above analysis. In
reality, each individual barge dump will create a unique mound geometry, due to such factors as
actual loaded volume in each barge, the properties of the materials within each barge, varying
depths and tidal elevations associated with each grid node at each point in time, and prevailing
currents. With the exception of depth, these factors are unknown until the actual placement
occurs, and thus a priori modeling requires assumptions. Nonetheless, these effects may largely
cancel each other out as the mounds are superimposed upon one another from more than 100
individual bottom-dump placement events.

The deposition of dredged material (in RA5) and sand cap material (in RA4) was evaluated in the
transition area along the RA4/RA5 boundary. The combined deposition in this transition area
(based on STFATE model runs 4 and 5) was evaluated to determine an appropriate offset
distance for the target locations in RA5. The overlapping mound geometries were summed for
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three assumed offset distances (i.e., RA5 target locations offset 50-ft, 100-ft, and 150-ft from the
RA4/RA5 boundary). An offset of 100-ft was found to produce an acceptable overlap geometry,
with a moderate (1 ft) excess mound height in the transition area. This slight excess mound
height is considered an appropriate margin of safety given the uncertainty in the model results. In
particular, the RA4 placement method may result in less broad deposits than those modeled by
STFATE Run 4. Based on these considerations, the target locations in RA5 are offset 100-ft
from the RA4/RA5 boundary. Attachment D-2 includes the worksheet used for this calculation.

The design drawings include the dredged material placement plan for RA5 based on the above
analysis.

D.I.5 Using STFATE to Estimate Operational Thickness Allowance

In RA5, STFATE modeling of instantaneous bottom-dump placement on a regular grid can be
used to define T0. The modeling indicates that the variation in cap thickness is approximately
4.3 inches for the designated placement of 3,500 cy of dredged material per grid node. Greater
variations are expected on the outer nodes of the grid, and as discussed previously, additional
dumps may be required around the cap perimeter. Given the inherent uncertainties of the
modeling, T0 for RA5 can reasonably be estimated as three times the modeled variation in cap
thickness, or 1.1 foot (13 inches).

For RA1 through RA4, controlled placement techniques will be required that cannot be
adequately modeled using STFATE. Operational thicknesses for RA1 through RA4 are based on
engineering judgement.

D.I.6 Cohesive Materials

The USAGE has interest in exploring the potential for use of cohesive materials for capping in
RA5, as some off-site dredged material could exhibit cohesive properties. To evaluate the
resulting mound geometry of cohesive materials, an additional STFATE run was conducted using
a hypothetical dredged material with cohesive clumps.

All run parameters were as described for Run 5 (presented in Section D. 1.2), with the exception
of the following material properties:

Material Description: Hypothetical cohesive dredged material; 1 layer
Medium Sand-16%
Clumps - 8%
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Silt (cohesive) - 8%
Clay (cohesive) - 8%

The resulting (long-term) mound geometry is exhibited in Attachment D-l. Compared to the
results using non-cohesive dredged materials, the cohesive mound had a much greater mound
height (0.49 foot versus 0.29 foot) and exhibited steeper transitions in mound height away from
the dump location. It is also important to note that these effects would be more pronounced if the
material were to have more than 8 percent clumps.

As discussed in Section 2 of the Basis of Design, the tighter mounds and greater mound heights
are among the reasons why cohesive material should not be allowed for capping at PSR.

D.2 RA4/RA5 BOUNDARY MODELING

This section presents the engineering analyses used to define the RA4/RA5 boundary, with
consideration of the material types and placement methods to be used. The primary assumption
of this analysis is that instantaneous bottom-dump placement of dredged material will be used to
construct the cap in RA5, while controlled-placement techniques will be used in RA4 to avoid
bearing capacity failures.

Key parameters that were used to define this boundary are the load bearing strength of the
existing sediments (discussed in Section 4.2.2) and the STFATE-modeled mound geometry for
instantaneous bottom-dump placement. The RA4/RA5 boundary was located such that mound
heights from instantaneous bottom-dump placement do not exceed the load bearing strength of
the sediments.

D.2.1 Estimate of Buoyant Unit Weight of Dredged Material

A buoyant unit weight of 50 pounds per cubic feet (pcf) (long-term) is used to represent dredged
materials placed in RA5. This estimate is based on the STFATE-modeled dredged material
mound heights and the USACE-suggested void ratios for long-term mound configurations. The
buoyant unit weight calculations are shown in Attachment D-l for long-term and short-term
conditions, respectively.

It is important to note the distinction between the calculated long-term buoyant unit weight
(50 pcf) and the calculated short-term buoyant unit weight (35 pcf). This difference arises from
the fact that the void ratios for the silt and clay fractions are quite high immediately after
placement. These void ratios decrease substantially over several months as the mound
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self-consolidates, with a corresponding decrease in mound height. This consolidation will be
accelerated by placement of additional loads of dredged material over existing mounds. Because
the short-term void ratios and mound heights are transient, the long-term parameters (void ratios,
mound heights, and buoyant unit weights) were used to provide a consistent analysis in the
calculations of both acceptable lift heights and STFATE mound heights.

D.2.2 Allowable Lift Height for RA5

The range of allowable mound heights varies significantly according to the model assumptions
used in the bearing capacity analysis. The RA4/RA5 boundary is based on the criterion that the
maximum mound heights (long-term) from instantaneous bottom-dump placement should not
exceed 0.3 to 1.3 feet. This bearing capacity analysis is discussed in Section 4.2.2, with
supporting calculations in Appendix C. The analysis is based on the long-term mound height.

hi the short term, the mounds will be somewhat thicker and the buoyant unit weights somewhat
lower. However, the loads to the existing sediments will be identical for a given placement
event, and thus the bearing capacity analysis is unchanged.

D.2.3 Predicted Long-Term Mound Geometry versus Depth

Figure D-5 depicts the maximum mound heights predicted from STFATE modeling of
instantaneous bottom-dump placement at various water depths. The mound heights increase in
shallower waters as less dispersion of the deposited material occurs. As seen in Figure D-5, the
modeled mound heights vary approximately linearly with depth, ranging from 0.29 foot at
-171 foot MLLW to 0.7 foot at -30 feet MLLW.

D.2.4 Determination of RA4/RA5 Boundary Location

Based on the STFATE analysis, and considering the uncertainties inherent in the bearing capacity
analysis, it is concluded that a target mound height at the lower end of the calculated range of
allowable heights is most protective and appropriate. Also, there is a fairly distinct slope break at
approximately -140 to -150 feet MLLW, above which elevations the slope increases to greater
than 15 percent. The associated predicted long-term mound height at the 15 percent slope break
is 0.35 foot, which is at the lower end of the calculated range of allowable heights. Therefore, it
is at this depth that the RA4/RA5 boundary is established.

The RA4/RA5 boundary is drawn as a straight line for constructability purposes. The boundary
is located approximately along the -140 feet MLLW contour as shown in Figure 2-1.
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D.2.5 Predicted Short-Term Mound Geometries and Construction Monitoring in RA5

The long-term parameters (void ratios, mound heights, and buoyant unit weights) are used for
consistency in the bearing capacity analysis, and these are the parameters that are of interest for
ensuring that sufficient cap material has been placed and for long-term monitoring of cap
thickness. However, the short-term mound geometries will be of interest for construction
monitoring purposes. Specifically, construction monitoring, described in the construction quality
assurance plan, will be used to verify the modeled results, and intensive monitoring of mound
heights from individual dumps will be required for the target locations near the RA5/RA4 border.
As an adaptive management approach, the USAGE may require other placement methods if the
monitoring results are not acceptable near the RA5/RA4 border.

Using USACE-suggested short-term void ratios and the corresponding short-term buoyant weight
of 35 pcf, a short-term mound height of 0.5 foot is predicted near the RA4/RA5 boundary (versus
the corresponding long-term mound height of 0.35 foot). Thus, construction monitoring
immediately following placement of material near the RA4/RA5 boundary should be used to
verify that the short-term mounds are not substantially thicker than 0.5 foot.

W:\06500\l 00% Design SubmittalXAppendix D.wpd



RA2a
DOLPHINS/

5 PILINGS (TYP.)

FILENAME: T:\RAC\PSR\Sub-Tcsks\Design\905! Design\0esign Submitlol\new D-l.dwq
EDIT DATE: 11/19/02 AT: 14:46

^jl|~ 218,600-)-

::=!: 8

CROWLEY MARINE SERVICES

LEGEND

•20 -̂  ELEVATIONS IN FEET MLLW

RUN 51 STFATE MODEL LOCATION

50 100 200
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^^^^^ ĵSS^^&ra '̂î HiBfxEEw^aJLVvpral̂ ^^g^^^ B5o

~ § 3 § g § "145°
ft 8

*.

Job No. 53-F4006600.06

x>EPA
REGION 10

0095 0.16 0.28 039
0005 018 0.27 038
0096 017 0275 0385
0.09 0 17 0 265 0.4
009 017 027 0.38

0085 017 026 0385
0085 0155 025 036
0.075 0 145 0 23 O.345
0065 0.125 0.195 028
005 00% 014S 0205
003 0.06 0095 013
002 004 005 0075
001 002 0.03 003

0001 001 001 0011
0.005 0.006 0.01 O.Ol
0005 0005 0005 001

0 0005 0005 0005
0 0 0 0
O O O Q

D 0.75-1
D 0.5-0.75
• 0.25-0.5
B 0-0.25

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0005 0005 0 0005 0.005 0006 0 0005 0.005 0005 0 OO05 0005 0005 0 0.005 0005
0.01 001 001 001 0015 001 0.01 0.01 0015 001 001 001 0015 001 001 001 001
0.01 *^ OWS O.mS 0015 0.015 002 0015 0.015 0015 002 0015 0015 0015 0.015 001 0.01
001 0015 0015 0015 0.015 002 002 002 0015 002 002 O02 0.015 0015 0.015 0015 001

0015 002 0015 ore 002 0025 002 0025 OO2 0025 002 0025 002 002 0015 002 0015
003 003 0025 003 004 0035 0.03 0031 OO45 0035 003 0.035 O.O4 003 0025 0.03 003
004 0.045 O.O6 005 OO5 0.015 007 0055 0.055 0055 0.07 0.055 O.O5 0.05 006 0.045 0.04
0.075 0.09 008 009 009 01 009 0.1 0095 01 0.09 0^1 0.09 0.09 008 0.09 0.075
0.14 0155 016 0.16 0.165 017 017 017 017 017 017 0.17 0165 016 016 0155 014
0235 0.255 025 0.26 0275 027 0.26 0.27 0285 027 026 027 0275 0.26 0.25 0255 0235
0345 035 0365 037 0405 038 038 038 0415 038 038 038 0405 037 0365 035 0.345

HiniMjS 04X5 0.43 0.46 SfflSSs'-il 0475 046 0.475 EtJflSn 0.475 045 0475 Ejrtfev 0.46 0.43 0445 feSOjCr-J
"* 0.465 049 0485 051 054' 0525 05 0525 055 " 0121 0.5 0125 05>4 051 0*86 049 0466"

048 0.52 0.115 063 0.66 0.546 0.13 0.546 0575 0.545 0.63 0.545 0.56 0.53 0.115 0.52 0.48
049 0515 053 054 057 0115 055 0515 0585 0155 0.55 0651 057 054 053 0515 049

abjidlfg! 054 0.515 0.555 iSoSfS 0575 0.54 0.575 JSftSSSC 0575 054 0575 51?_03Ssj 0.555 0.515 054 BsBjiOSB
0505 0525 053 0545 0585 0565 055 0565 06 " 0565 055 0565 0585 0545 053 0.525 0505
0495 054 053 055 0 SB 057 055 0.57 0595 057 055 0.57 058 0.55 053 054 0485
0.5 0.525 0645 0655 0585 057 057 0.57 06 057 057 057 0585 0555 O.S45 0525 0L5
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Mound Geometry for Single Pass 200-foot Grid Bottom-Dump
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Figure D-3
Simulated Multiple Pass 200-foot Grid Bottom-Dump Placement in RA 5
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Figure D-4

Multiple Pass Grid Mound Geometry in RA 5
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Analysis of Maximum Mound Height vs. Depth
STFATE Analysis

PSR Superfund Site
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(towards
shore) (ft)

0
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200
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1060

Water Depth
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30

STFATE
Mound Ht (ft)
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0.35
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0.7
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Table D-l
Maximum Mound Heights and Settled Volumes for Bottom-Dump Placement

Run
•:JV6..V

1

2

3

4

5

. ; V .Maximum ••/"-• i-
. Mound Height . -.

^^-.^(ft)-';.^:^-
0.7

0.6

1.0

0.76

0.29

v •"• '('• X; -Vdlumev^> •-' ";•>"
7: -'-^^SeVtied?. -.:':"•.:-.* ;;
-5-^;? fcuft)C:^: :^'

11,375

12,028

12,021

12,055

10,439

. - •Ydlflmevjjvi: '•-" =
•rV J- ! Suspended' i
V--.'-%-."""(cu"ft) \V > ^i

249

122

129

95

358

:;- :i Percent Settled^
- ^fter-3;'660<seciandVr

98%

99%

99%

99%

97%

'Volumes settled and suspended after 3,600 seconds
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Attachment D-l
CAP DEPOSITION CALCULATIONS AND USACE STFATE MODEL OUTPUT

Included in this attachment are:

• A summary of dredged material characteristics used in the deposition modeling

• Calculations of buoyant unit weights of deposited material, under short-term and
long-term (consolidated) conditions

• A summary of materials balances for each model run

• Model outputs

Notes on STFATE Output

Included are summary Excel sheets for STFATE Run 1 through Run 5. These runs model long-
term mound height using US ACE-suggested long-term void ratios. These summary sheets depict
the mound geometry and suspended clay, silt, and total suspended solids (TSS) for each run. A
complete example output of STFATE (.DUO file) is included only for Run 5.

Also included are summary Excel sheets depicting the mound geometry for Run 5, under two
alternative scenarios: RunSCOHE, which models deposition of cohesive material, and
RUN5MODFLUFF, which models short-term mound height using USACE-suggested short-term
void ratios.

The .DUO files for all runs are available electronically on request. The .DUO files also echo all
input parameters to each model run.

Notes on Running STFATE from Windows NT

Running the model consists of several steps:

1. To input the model parameters, use the "Stfate.bat" operation from the Windows
Explorer window. Model inputs are recorded and saved through this function.

2. After the model parameters have been saved, STFATE can be run using the Execute
STFATE command within the STFATE operation.

W:\06500\l 00% Design SubmittalVAppendix D.wpd
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Work Assignment No. 065-RD-RD-101L Page D-l-2

3. Upon completion of the command to execute, STFATE automatically shuts down. At
this time, another executable file "dumpx.bat" appears in Windows Explorer. Opening
this function starts the simulation.

4. After completion of the simulation, results are found through the "view results"
command, or by opening the appropriate output file (with a .duo extension) in Wordpad.

However, since STFATE is designed to run from a DOS operating system, several problems
were encountered while running from Windows. Printing and graphic functions within STFATE
would not work properly. Graphics files could be created on the screen, but the numerical axes
would not be correct, and it was not possible to print or save these files.

W:\06500\l 00% Design SubmittalVAppendix D.wpd



Pacific Sound Resources Superfund Site
STFATE Model Analysis

Typical Duwamish Dredged Material - Determine Particle Size Distribution

Station
S1
S2
S3
S4
S5
S6
S7
C1
C2
C3
C1*
C2*
C3*
C4*
C5*
C6*
C7*
C8*
C9*

C10*
C11*
C12*

AveVol.:

Adj. Vol.

% Gravel
0.30
0.00
0.10
0.00
0.00
0.00
0.00
0.10
2.70
3.40
1.00
2.00
2.00
1.00
3.00
0.00
1.00
1.00
1.00
1.00
1.00
0.00
0.94

0.40319818

%Sand
51.60
20.80
26.70
28.30
43.60
25.90
55.20
34.80
93.90
83.00
50.00
57.00
81.00
85.00
68.00
71.00
56.00
51.00
42.00
84.00
88.00
80.00
58.04

24.990458

% Silt
39.40
63.70
59.90
58.80
44.90
59.60
35.10
52.50
2.20
10.30
43.00
37.00
15.00
14.00
26.00
23.00
35.00
38.00
45.00
13.00
9.00
18.00
33.75

14.530793

% Clay
8.70
15.50
13.30
12.80
11.50
14.50
9.60
12.50
1.30
3.40
6.00
4.00
2.00
0.00
3.00
6.00
8.00
10.00
12.00
2.00
2.00
2.00
7.28

3.1335936

Solids %
58.30
49.90
51.60
53.60
55.20
51.10
58.70
47.70
72.70
70.60

56.94

Sample data from USAGE Seattle Branch Memo CENWS-OD-TS-DM (Dec 20, 1998) except *
* Sample data from Science Applications International Corp "Partial and Full Characterizations

of Lower Shohomish River CahnneJ Sediments" (March 19, 1993)

of1 Grain Size Summary for Duwamish Dredgeate.xls Runlfmalmound 7/16/2002



Calculation of Buoyant Unit Weight of Deposited Sediments

Based on STFATE Parameters from Run Sfluff, RA5
Short-term Conditions

Basts: 1 square foot of deposited material

Parameter Gravel Medium Sand Silt Clay Total

Void Ratio (VR)
Specific Gravity
Max Mound Height (ft)
Sediment Volume (ft«3)
Percent Solid =1/(1*VR)

Solid Volume (fl»3)
Percent Solids = solid vol/sediment vol
Porosity n = 1 -percent solids

Unit Weight of saturated sediment (lbs/rT3)

Buoyant Unit Weight (IbsWS)

0.5
2.7

0.0093

0.667

0.0062

0.6
2.7

0.15

0.625

0.09375

6
2.65
0.23

0.143

0.032857

9
2.65
0.02

0.100

0.002

0.409
0.409

0.135
0.329
0.671

98

34.5

Comments
STFATE Input parameters - Short-term
conditions. Parameters suggested in
STFATE documentation
STFATE Input parameters
STFATE Output

0.409 Mound height times 1ft"2 basis

0.135 Volume of solid particles in 1 fV2 of mound

Sum of mass of water and solids in one ft"
98 of deposited material

Unit weight minus weight of displaced water

Ratio of Short-term mound height to Long-term mound height:
Short-term mounds will be approximately 52 percent higher

1520

1of1 BASIS TABLES.xls Short-Term DM Unit Weight 7/15/2002



Calculation of Buoyant Unit Weight of Deposited Sediments

Based on STFATE Parameters from Run Smod, RA5
Long-term Conditions

Basis: 1 square foot of deposited material

Parameter Gravel Medium Sand SIR Clay Total

Void Ratio (VR) 0.5
Specific Gravity 2.7
Max Mound Height (ft) 0.0093
Sediment Volume (ftA3)
Percent Solid =1/(1+VR) 0.667

Solid Volume (ftA3) 0.0062
Percent Solids = solid vol/sediment vol
Porosity n = 1-percent solids

Unit Weight of saturated sediment (Ibs/fTO)

0.6 2.25 2.5
2.7 2.65 2.65

0.15 0.11 0.000028

0.625 0.308 0.286

0.09375 0033846 0.000008

Comments
STFATE Input parameters - Long-term
conditions. Parameters suggested by
P.Schroeder. USAGE
STFATE Input parameters

0.269 STFATE Output
0.269 Mound height times 1ftA2 basis

0.134 Volume of solid particles in 1flA2 of mound
0.497
0.503

Sum of mass of water and solids in one ft" of
116 deposited material

Buoyant Unit Weight (lbs/HA3) 52.1 |Unit weight minus weight of displaced water

1of1 BASIS TABLES.xls Long-Term DM Unit Weight 7/15/2002



Pacific Sound Resources Superfund Site
STFATE Model Analysis

SEDIMENT VOLUME SUMMARIES

Run 1
MOD
Gravel
Sand
Clay
Silt
Total

Bottom Sed
(cu. ft.)

105.3
6633.9
768.77
3866.7

11374.67

Sus. Sed.
(cu.ft.)

0
0

106.1
142.7
248.8

Run 3
MOD
Gravel
C. Sand
M. Sand
Silt
Total

Bottom Sed
(cu. ft.)

1215
7290
2430

1086.2
12021.2

Sus. Sed.
{cu.ft.)

0
0
0

128.82
128.82

Run 2
MOD
Gravel
M. Sand
F. Sand
Silt
Total

Bottom Sed
(cu. ft.)

607.5
7290
2430

1700.2
12027.7

Sus. Sed.
(cu.ft.)

0
0
0

122.25
122.25

Run 4
MOD
Gravel
C. Sand
M. Sand
Silt
Total

Bottom Sed
(cu. ft.)

607.5
7290
2430

1727.7
12055.2

Sus. Sed.
(cu.ft.)

0
0
0

94.823
94.823

Run 5
MOD
Gravel
Sand
Clay
Silt
Total

Bottom Sed
(cu. ft.)

105.3
6632.9
1.1524

3700
10439.3524

Sus. Sed.
(cu.ft.)

0
0

52.837
305.35

358.187

volume summary-modified.xls Sheetl 7/15/2002
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Sample Site: EB016 (Shallow Eaat)
Typical Duwamish Dredgeale 1,000 cy dump
Grldplont Spacing: Xdir= 150ft Zdlr>

Pacific Sound Resources Superfund Slla
STFATE Model Analysis

RUN 1 - SAMPLE SITE EB016 • SHALLOW EAST

50ft

TOTAL THICKNESS (FT) OF NEW MATERIAL ON BOTTOM, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND... + ° .LT. .01 .».LT. .0001 0 » .LT. .000001

M N= 2
2 OOOO
3 OOOO
4 OOOO
5 OOOO
6 OOOO
7 OOOO
8 OOOO
9 OOOO
10 OOOO
11 OOOO
12 OOOO
13 OOOO
14 OOOO
150000
16 OOOO
17 OOOO
16 OOOO
19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO
31 OOOO

3
OOOO
0
0
0
0
0
0
0
nV
0
0o
0
0
0
0
0
0
0
0
0
0
0
0
0
0

• o
0
0

OOOO

4
OOOO
0
0
0
0
0
0
0
o
0
0
Q

0
0
0
0
0
0"
0
0
0
0
0
0
0
0
0
0
0

OOOO

5
OOOO
0
0
0
0
0
0
0
nV
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

6
OOOO
0
0
0
0
0
0
0

0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

7
OOOO
0
0
0
0
0
0
0

0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

8
OOOO
0
0
0
0
0
o
0

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

9
OOOO
0
0
0
0
0
0
0

0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

10
OOOO
0
0
0
0
0
o

'.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

11
OOOO
0
0
0
0
0
o

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

12
OOOO
0
0
0
0
0

+
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

13
OOOO
0
0
0
0
0

+
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

14
OOOO
0
0
0
0
0

0.02
0.02

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

15
OOOO
0
0
0
0
0

0.12
0.13

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

16
OOOO
0
0
0
0
0

•f

0.37
0.38

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

17
OOOO
0
0
0
0
0

+

0.7
0.59

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

18
OOOO
0
0
0
0
0

+

0.37
0.38

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

19
OOOO
0
0
0
0
0

0.12
0.13

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

20
OOOO
0
0
0
0
0

0.02
0.02

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

21
OOOO
0
0
0
0
0

•f .
•f

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

22
OOOO
0
0
0
0
0

•f
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

23
OOOO
0
0
0
0
0
0

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.0000

24
OOOO
0
0
0
0
0
o

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

25
OOOO
0
0
0
0
0
o
0

0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

26
OOOO
0
0
0
0
0
o
0

0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

27
OOOO
0
0
0
0
0
o
0

0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

28
OOOO
0
0
0
0
0
0
0

0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

29
OOOO
0
0
0
0
0
0
0
Q

0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

30
OOOO
0
0
0
0
0
0
0
Q

0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
'o
0
0
0

OOOO

31
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO

K7163/Paclllc Sound Resources/USACE Models/Stfete/PSR/run1modflnalmound.xl8 6/27/02



Sample Site: EB016 (Shallow East)
Typical Ouwamlsh Dredgeate 1,000 cy dump
Gridplont Spacing: Xdlr- 150ft Zdirc

Pacific Sound Resources Superfund Site
STFATE Model Analysis

RUN 1 • SAMPLE SITE EB016 - SHALLOW EAST

50(t

CONCENTRATIONS ABOVE BACKGROUND (MG/L) OF CLAY 16 FT BELOW WATER SURFACE, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND...+ = .LT. .01 . a .LT. .0001 0 = .LT. .000001

M N= 2
2 OOOO
3 OOOO
4 OOOO
5 OOOO
6 OOOO
7 OOOO
6 OOOO
9 OOOO
10 OOOO
11 OOOO
12 OOOO
13 OOOO
14 OOOO
15 OOOO
16 OOOO
17 OOOO
18 OOOO
19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO
31 OOOO

3
OOOO
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

4
OOOO
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

5
OOOO
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

6
OOOO
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

7
OOOO
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

8
OOOO
0
0
0
o

+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

9
OOOO
0
0
0
o

+
+
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

10
OOOO
0
0
0
o

+
+
+
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

11
OOOO
0
0
0
0

+
+
+
+

0
0
0
0
0
0
0
0
0
0
0
0
0-
0
0
0
0
0

OOOO

12
OOOO
0
0
0

+
0.02
0.01
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

13
OOOO
0
0
0

0.01
0.07
0.04
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

14
OOOO
0
0
0

0.03
0.14
0.09
0.01
+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

15
OOOO
0
0
0

0.05
0.23
0.16
0.01
+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

16
OOOO
0
0
0

0.07
0.32
0.21
0.02
+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

17
OOOO
0
0
0

0.08
0.35
0.23
0.02
+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

18
OOOO
0
0
0

0.07
0.32
0.21
0.02
+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

19
OOOO
0
0
0

0.05
0.23
0.16
0.01
+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

20
OOOO
0
0
0

0.03
0.14
0.09
0.01
+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

21
OOOO
0
0
0

0.01
0.07
0.04
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

22
OOOO
0
0
0

+
0.02
0.01
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

23
OOOO
0
0
0
o

+
+
+
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

24
OOOO
0
0
0
0

+
+
+
•f

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

25
OOOO
0
0
0
o
g

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

26
OOOO
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

27
OOOO
0
0
0
o
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

28
OOOO
0
0
0
o
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

29
OOOO
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

30
OOOO
0
0
0
o
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

31
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
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Sample Site: EB016 (Shallow East)
Typical Duwamieh Dredgeate 1,000 cy dump
Gridplont Spacing: Xdlr» 150tt Zdir*

Pacific Sound Resources Super-fund Site
STFATE Model Analyst!

RUN 1 . SAMPLE SITE EB016 - SHALLOW EAST

sort

CONCENTRATIONS ABOVE BACKGROUND (MG/L) OF SEDIMENT 26 FT BELOW WATER SURFACE, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND... + - .LT. .01 . = .LT. .0001 0 = .LT. .000001

M N= 2
2 OOOO
3 OOOO
4 OOOO
5 OOOO
6 OOOO
7 OOOO
8 OOOO
9 OOOO
10 OOOO
11 OOOO
12 OOOO
13 OOOO
14 OOOO
15 OOOO
18 OOOO
17 OOOO
18 OOOO
19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO
31 OOOO

3
OOOO

0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

4
OOOO

0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

5
OOOO

0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

6
OOOO

0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

7
OOOO

0
0

"f
0.01
0.15
0.52
0.63
0.3

0.05
+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

8
OOOO

0
0

•f
0.05
0.47
1.56
1.83
0.82
0.15

+
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Q

OOOO

9
OOOO

0
0

+
0.13
1.3
4.2
4.9
2.05
0.37
0.01

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

10
OOOO

0

•f
0.33
3.3
11.3
12.1
4.8
0.85
0.03

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

11
OOOO

0

0.02
0.72
7.8
29
29

10.3
1.71
0.07

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

12
OOOO

0

0.05
1.44
17.4
67
63

20.5
3

0.13
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

13
OOOO

0

0.08
2.5
36
143
125
35
5

0.2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

14
OOOO

0

0.12
4.2
65
271
225
56
7.4
0.3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

15
OOOO

0

0.17
6

102
439
350
79
9.9

0.39
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

16
OOOO

0

0.2
7.4
134
590
461
97

11.7
0.46

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

17
OOOO

0

0.21
8.1
148
654
506
105
12.5
0.49

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

18
OOOO

0

0.2
7.4
134
590
461
97

11.7
0.46

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

19
OOOO

0

0.17
6

102
439
350
79
9.9

0.39
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

20
OOOO

0

0.12
4.2
65

271
225
56
7.4
0.3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

21
OOOO

0

0.08
2.5
36
143
125
35
5

0.2
0
0
0
0
0
0

. 0
0
0
0
0
0
0
0
0
0
0

OOOO

22
OOOO

0

0.05
1.44
17.4
67
63

20.5
3

0.13
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

23
OOOO

0

0.02
0.72
7.8
29
29

10.3
1.71
0.07

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

24
OOOO

0

+
0.33
3.3
11.3
12.1
4.B
0.85
0.03

0
0
0
0
0
0
Q
0
0
0
0
0
0
0
0
0
0

OOOO

25
OOOO

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

26
OOOO

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

27
OOOO

0
o

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

28
OOOO

0
o

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

29
OOOO

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

30
OOOO

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

31
OOOO
OOOO
OOOO
onrwi\J\J\JW

OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
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Sample Site: EB016 (Shallow East)
Medium Sand Mix 1,000 cy dump
Grldplont Spacing: Xdlr- 150ft

Pacific Sound Resources Suparfund Site
STFATE Model Analy«l.

RUN 2 - SAMPLE SITE EB018 • SHALLOW EAST

Zdlr. 50ft

TOTAL THICKNESS (FT) OF NEW MATERIAL ON BOTTOM, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND... + - .LT. .01 . = .LT. .0001 p = ,LT. .000001

M N=. 2
2 0000
3 0000
4 0000
5 0000
6 0000
7 OOOO
a oooo
9 0000
10 OOOO
11 0000
12 0000
13 OOOO
14 OOOO
15 OOOO
16 OOOO
17 OOOO
18 OOOO
19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO
31 OOOO

3
OOOO
0
0
0
0
0
0
0
0
0
0
Q

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

4
OOOO
0
0
0
0
0
0
0
0
0
0
g

0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0

OOOO

5
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

6
OOOO
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

7
OOOO
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

e
OOOO
0
0
0
0
0
0
o
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

9
OOOO
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

oooo

10
OOOO
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

11
OOOO
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

12
OOOO
0
0
0
0
0
0

•f
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

13
OOOO
0
0
0
0
0

+
+

0
0
0

' 0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

14
OOOO
0
0
0
0
0

+

0.01
0.02

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

15
OOOO
0
0
0
0
0

+
0.1
0.11

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

16
OOOO
0
0
0
0
0

+
0.3
0.34

0 '
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

17
OOOO
0
0
0
0
0

+
0.6
0.54

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

18
OOOO
0
0
0
0
0

+
0.3
0.34

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

19
OOOO
0
0
0
0
0

+
0.1
0.11

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

20
OOOO
0
0
0
0
0

+
0.01
0.02

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

21
OOOO
0
0
0
0
0

•f
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

22
OOOO
0
0
0
0
0
0

•f
•f

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

23
OOOO
0
0
0
0
0
0

t

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

24
OOOO
0
0
0
0
0
0
o

0
0'
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

25
OOOO
0
0
0
0
0
0
o
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

26
OOOO
0
0
0
0
0
0
o
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

27
OOOO
0
0
0
0
0
0
o
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

28
OOOO
0
0
0
0
0
0
o
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

29
OOOO
0
0
0
0
0
0
o
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

30
OOOO
0
0
0
0
0
0
o
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

31
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
noooWW

OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
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Sample Site: EB016 (Shallow East)
Medium Sand Mix 1,000 cy dump
Grldpiont Spacing: Xdir= 150(1

Pacific Sound Resources Superfund Site
STFATE Modal Analyst*

RUN 2 • SAMPLE SITE EB016 - SHALLOW EAST

son

CONCENTRATION ABOVE BACKGROUND (MG/L) OF SILT AT 25 FT BELOW THE WATER SURFACE, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND...+ = .LT. .01 . • .LT. .0001 p •> .LT. .000001

M N» 2
2 0000
3 0000
4 OOOO
5 OOOO
6 OOOO
7 OOOO
8 OOOO
9 OOOO
10 OOOO
11 OOOO
12 OOOO
13 OOOO
14 OOOO
15 OOOO
16 OOOO
17 OOOO
18 OOOO
19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO
31 OOOO

3
OOOO
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

4
OOOO
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

5
OOOO
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

6
OOOO
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

7
OOOO
0
0

+
0.01
0.09
0.29
0.35
0.17
0.03
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

8
OOOO
0
0

+
0.03
0.26
0.85
1

0.46
0.09
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

9
OOOO
0
0

+
0.07
0.7
2,3
2.6
1.1
0.22
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

10
OOOO
0

+
0.18
1.7
5.8
6.3
2.6
0.48
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

11
OOOO
0

0.01
0.39
4
14
14
5.4
0.95
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

12
OOOO
0

0.02
0.77
8.5
30
30
10
1.7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

13
OOOO
0

0.04
1.3
16
58
55
18
2.7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

14
OOOO
0

0.07
2.1
27
101
93
27
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

15
OOOO
0

0.09
3
41
153
136
38
5.3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

16
OOOO
0

0.11
3.7
51
197
172
46
6.2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

17
OOOO
0

0.12
4
56
214
187
49
6.6
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

18
OOOO
0

0.11
3.7
51
197
172
46
6.2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

19
OOOO
0

0.09
3
41
153
136
38
5.3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

20
OOOO
0

0.07
2.1
27
101
93
27
4
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

21
OOOO
0

0.04
1.3
16
58
55
18
2.7
0
0
0
0
0
0
0
0
0
o-
0
0 .
0
0
0
0
0
0

OOOO

22
OOOO
0

0.02
0.77
8.5
30
30
10
1.7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

23
OOOO
0

0.01
0.39
4
14
14
5.4
0.95
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

24
OOOO
0

+
0.18
1.7
5.8
6.3
2.6
0.48
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

25
OOOO
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

28
OOOO
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

27
OOOO
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

28
OOOO
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

29
OOOO
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

30 31
OOOO
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
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Sample Site: 203 (Shallow West)
Medium Sand Mix 1,000 cy dump
Grldpionl Spacing: Xdlr- 100ft

Pacific Sound Resources Supertund Site
STFATE Model Analysis

RUN 3 - SAMPLE SITE 201 - SHALLOW WEST

Zdiro 1oof1

TOTAL THICKNESS (FT) OF NEW MATERIAL ON BOTTOM, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND...+ » .LT. .01 . = .LT. .0001 0 - .LT. .000001

M N= 2
2 OOOO
3 0000
4 0000
5 0000
8 OOOO
7 OOOO
8 OOOO
9 OOOO
10 OOOO
11 OOOO
12 OOOO
13 OOOO
14 OOOO
15 OOOO
16 OOOO
17 OOOO
18 OOOO
19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO
31 OOOO

3
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

4
OOOO
0
0
0
0
0
0
0
0
0
0
0
0o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

5
OOOO
0
0
0
0
0
0
0
0
0
0
0
0o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

6
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

7
OOOO
0
0
0
0
0
0
0
0
0
0
0
0o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

8
OOOO
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

9
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Av
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

10
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

11
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

12
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

13
OOOO
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

14
OOOO
0
0
0
0
0
0
0
0
0
0
,

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

15
OOOO
0
0
0
0
0
0
0
0
0

+
4.
+

0
0
0
0
0
0
0
0
0
0
0

OOOO

16
OOOO
0
0
0
0
0
0
0
0
0

0.06
0.19
0.02
+

0
0
0
0
0
0
0
0
0
0

OOOO

17
OOOO
0
0
0
0
0
0
0
0
0

+

0.3
1

0.12
+

0
0
0
0
0
0
0
0
0
0

OOOO

18
OOOO
0
0
0
0
0
0
0
0
0

0.06
0.19
0.02
+

0
0
0
0
0
0
0
0
0
0

OOOO

19
OOOO
0
0
0
0
0
0
0
0
0

+
+

+

0
0
0
0
0
0
0
0
0
0
0

OOOO

20
OOOO
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

21
OOOO
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

22
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

23
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

24
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

25
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

26
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

27
OOOO
0
0
0
0
0
0
0
0
0
0
0
0o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

28
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

29
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

30
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

31
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
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Sample Site: 203 (Shallow West)
Medium Sand Mix 1,000 cy dump
Gridptont Spacing: Xdlr~ 100 It

Pacific Sound Resources Superfund Site
STFATE Model Analy.U

RUN 3 - SAMPLE SITE 201 - SHALLOW WEST

Zdir. 100lt

CONCENTRATIONS ABOVE BACKGROUND (MG/L) OF SILT 20 FT BELOW WATER SURFACE, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND...+ » .LT. .01 . o .LT. .0001 0 » ,LT. .000001

M No 2
2 0000
3 0000
4 0000
5 0000
6 0000
7 0000
8 0000
9 OOOO
10 0000
11 OOOO
12 OOOO
13 OOOO
14 OOOO
15 OOOO
16 OOOO
17 OOOO
18 OOOO
19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO
31 OOOO

3
OOOO
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0o
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

4
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

5
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

6
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

7
OOOO
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
o
V

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

8
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

9
OOOO
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

10
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

11
OOOO
0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

12
OOOO
0
0
0
0
0
0
0

+
+

0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

13
OOOO
0
0
0
0
0
0

+
•f
•f
•f
+
+

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

14
OOOO
0
0
0
0
0
0

+
0.01
0.09
0.22
0.21
0.07
0.01
+

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

15
OOOO
0
0
0
0
Q

0.01
0.16
1
2.7
2.5
0.84
0.11
+

0
0
0
0
0
0
0
0
0
0
0

OOOO

16
OOOO
0
0
0
0
0

0.04
0.7
5
14
12
3.9
0.47
0.02

0
0
0
0
0
0
0
0
0
0
0

OOOO

17
OOOO
0
0
0
0
0

0.06
1.1
8.6
24
22
6.6
0.78
0.04

0
0
0
0
0
0
0
0
0
0
0

OOOO

18
OOOO
0
0
0
0
0

0.04
0.7
5
14
12
3.9
0.47
0.02

0
0
0
0
0
0
0
0
0
0
0

OOOO

19
OOOO
0
0
0
0
0

0.01
0.16
1
2.7
2.5
0.84
0.11
+

0
0
0
0
0
0
0
0
0
0
0

OOOO

20
OOOO
0
0
0
0
0
0

+
0.01
0.09
0.22
0.21
0.07
0.01
+

. 0
0
0
0
0
0
0
0
0
0
0
0

OOOO

21
OOOO
0
0
0
0
0
0

+
+
+
+
+
+

0
0
0
0
0
0
0 .
0
0
0
0
0

OOOO

22
OOOO
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

23
OOOO
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

24
OOOO
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

25
OOOO
0
0
0
0
0
0
Q

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

26
OOOO
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

OOOO

27
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

28
OOOO
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

29
OOOO
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

30
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

31
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
oooo
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
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Sample Site: 203 (Shallow West)
Medium Sand Mix 1,000 cy dump
Grtdplont Spacing: Xdlr» 100tt

Pacific Sound Reiource* Superfund Site
STFATE Model Analyel*

RUN 3 • SAMPLE SITE 201 - SHALLOW WEST

Zdlr= 100ft

CONCENTRATIONS ABOVE BACKGROUND (MG/L) OF SILT 38 FT BELOW WATER SURFACE, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND...+ » .LT. .01 . - .LT. .0001 0 • .LT. .000001

M N» 2
2 OOOO
3 OOOO
4 OOOO
5 OOOO
6 OOOO
7 OOOO
8 OOOO
9 OOOO
10 OOOO
11 OOOO
12 OOOO
13 OOOO
14 OOOO
15 OOOO
18 OOOO
17 OOOO
18 OOOO
19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
28 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO
31 OOOO

3
OOOO
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

4
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

5
OOOO
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

8
OOOO
0
0
0
0o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

7
OOOO
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

8
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

9
OOOO
0
0
0
0o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

10
OOOO
0
0
0
0
Q

+
-f
+
+

0.01
0.01
0.01
+
+
+
0
0
0
0
0
0
0
0
0
0
0

OOOO

11
OOOO
0
0
0
0

+
+•

0.01
0.03
0.08
0.13
0.14
0.1
0.05
0.02
+
0
0
0
0
0
0
0
0
0
0
0

OOOO

12
OOOO
0
0
0
0

+
+
0.02
0.09
0.31
0.69
1
1
0.8
0.42
0.15
0.04
0
0
0
0
0
0
0
0
0
0
0

OOOO

13
OOOO
0
0
0
0

+
0.01
0.12
0.57
1.8
4
5.9
6
4.2
£1
0.79
0.2
0
0
0
0
0
0
0
0
0
0
0

OOOO

14
OOOO
0
0
0
0

+
0.06
0.49
2.4
8.4
18
26
24
16
8
2.8
0.73
0
0
0
0
0
0
0
0
0
0
0

OOOO

15
OOOO
0
0
0
0

0.01
0.18
1.4
7.8
27
60
80
70
44
21
7.1
1.8
0
0
0
0
0
0
0
0
0
0
0

OOOO

16
OOOO
0
0
0
0

0.03
0.35
2.8
16
60
130
167
138
82
37
12
3.1
0
0
0
0
0
0
0
0
0
0
0

OOOO

17
OOOO
0
0
0
0

0.03
0.44
3.6
21
79
171
217
175
101
44
15
3.7
0
0
0
0
0
0
0
0
0
0
0

OOOO

18
OOOO
0
0
0
0

0.03
0.35
2.8
16
60
130
167
138
82
37
12
3.1
0
0
0
0
0
0
0
0
0
0
0

OOOO

19
OOOO
0
0
0
0

0.01
0.18
1.4
7.8
27
60
80
70
44
21
7.1
1.8
0
0
0
0
0
0
0
0
0
0
0

OOOO

20
OOOO
0
0
0
0

+
0.06
0.49
2.4
8.4
18
26
24
16
8
2.8
0.73
0
0
0
0
0
0
0
0
0
0
0

OOOO

21
OOOO
0
0
0
0

+
0.01
0.12
0.57
1.8
4
5.9
6
4.2
2.1
0.79
0.2
0
0
0
0
0
0
0
0
0
0
0

OOOO

22
OOOO
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

23
OOOO
0
0
0
0
g

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

24
OOOO
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

25
OOOO
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

26
OOOO
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

27
OOOO
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

28
OOOO
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

29
OOOO
0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

30
OOOO
0
0
0
0o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OOOO

31
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
oooo
OOOO
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Sample Site: 83 (Steep Section)
Medium Sand Mix 1,000 cy dump
Oridplont Spacing: Xdlr= 100ft

Pacific Sound Resource* Superlund Site
STFATE Model Analysl.

RUN 4 • SAMPLE SITE 83 • STEEP SECTION

Zdir. 50 (t

TOTAL THICKNESS (FT) OF NEW MATERIAL ON BOTTOM, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND... + » .LT. .01 . «• .LT. .0001 0 = .LT, .000001

M N= 2
2 0000 C
3 0000
4 0000
5 OOOO
6 0000
7 OOOO
8 OOOO
9 OOOO
10 OOOO
11 OOOO
12 OOOO
13 OOOO
14 OOOO
15 OOOO
16 OOOO
17 OOOO
18 OOOO
19 OOOO
OA Anno£\J WWW

21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO
31 OOOO
32 OOOO
33 OOOO
34 OOOO
35 OOOO
36 OOOO
37 OOOO
38 OOOO
39 OOOO
40 OOOO

3
IOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
AV
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

5
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

6
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

7
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

8
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

9
OOOO
0
0
0
0
0
0
0
0
0
0
0
o
o
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

10
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Q

(

0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

11
OOOO
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

12
OOOO
0
0
0
0
0
0
0
0
0
0
0

+
+
+
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

13
OOOO
0
0
0
0
0
0
0
0
0
0
0

+
+
+
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

14
OOOO
0
0
0
0
0
0
0
0
0
0

+
0.03
0.05
0.01

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

15
OOOO
0
0
0
0
0
0
0
0
0
0

0.01
0.14
0.22
0.03

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

16
OOOO
0
0
0
0
0
0
0
0
0
0

0.03
0.33
0.53
0.09

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

17
OOOO
0
0
0
0
0
0
0
0
0
0

0.03
0.45
0.76
0.12

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

18
OOOO
0
0
0
0
0
0
0
0
0
0

0.03
0.33
0.53
0.09

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

19
OOOO
0
0
0
0
0
0
0
0
0
0

0.01
0.14
0.22
0.03

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

20
OOOO
0
0
0
0
0
0
0
0
0
0

+
0.03
0.05
0.01

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

21
OOOO
0
0
0
0
0
0
0
0
0
0
0

+
+

•*•
+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

22
OOOO
0
0
0
0
0
0
0
0
0
0
0

+
+
4-

+

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

23
OOOO
0
0
0
0
0
0
0
0
0
0
0
0

t

Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

24
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

25
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

26
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
g
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

27
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
Q

0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

28
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

29
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

30
OOOO
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
Q

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

31
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
oooo
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
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Sample Site: P19
Typical Ouwamlsh Dredgeate 1,000 cy dump
Gridpiont Spacing: X dir= 50 (t Zdlr«

Pacific Sound Resources Superfund Site
STFATE Model Analysis

RUN 5 • SAMPLE SITE P19 • DEEP WATER

50ft

TOTAL THICKNESS (FT) OF NEW MATERIAL ON BOTTOM, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND... + » IT. .01 . «.LT. .0001. 0 = .LT. .000001

M N= 2
2 OOOO
3 0000
4 0000
5 0000
6 0000
7 0000
8 0000
9 0000
10 0000
11 0000
12 0000
13 0000
14 0000
15 0000
16 0000
17 0000
18 0000
19 0000
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO

3
OOOO

,
.

+

+
+
+
+
4-
+
4-
4-
+

0
0
0
0
0

OOOO

4
OOOO

.

+

4-
4-
4-
+
+
4-

+
+
+

0
0
0
0

OOOO

5
OOOO

-f

4-
4-

+
+

0.01
4-
•f
4-
+

0
0
0
0

OOOO

6
OOOO

+

4>
0.01
0.01
0.02
0.02
0.02
0.01
0.01
+

0
0
0

OOOO

7
OOOO

f

+

0.01
0.02
0.03
0.05
0.05
0.05
0.04
0.02
0.01

0
0
0

OOOO

8
OOOO

+
0.01
0.02
0.04
0.07
0.09
0.1
0.1
0.06
0.05
0.03
0.01

4-

0
0
0

OOOO

9
OOOO

+
0.02
0.03
0.07
0.11
0.15
0.17
0.16
0.13
0.08
0.04
0.02

+

0
0

OOOO

10
OOOO

4-

0.01
0.02
0.05
0.09
0.15
0.21
0.25
0.23
0.18
0.11
0.06
0.02
0.01

+

0
0

OOOO

11
OOOO

+

0.01
0.02
0.05
0.1
0.17
0.25
0.29
0.27
0.2
0.12
0.07
0.03
0.01

+

0
0

OOOO

12
OOOO

+

0.01
0.02
0.05
0.09
0.15
0.21
0.25
0.23
0.18
0.11
0.06
0.02
0.01

+

0
0

OOOO

13
OOOO

+
0.02
0.03
0.07
0.11
0.15
0.17
0.16
0.13
0.08
0.04
0.02

•*•

0
0

OOOO

14
OOOO

+
0.01
0.02
0.04
0.07
0.09
0.1
0.1
0.08
0.05
0.03
0.01

+•

0
0
0

OOOO

15
OOOO

4-

0.01
0.02
0.03
0.05
0.05
0.05
0.04
0.02
0.01

0
0
0

OOOO

16
OOOO

+

+
0.01
0.01
0.02
0.02
0.02
0.01
0.01
+

,

0
0
0

OOOO

17
OOOO

+

+
•f
+
+

0.01
+
•f

+
4-

0
0
0
0

OOOO

18
OOOO

t

4-

4-

4-

+
4-

4.
4-

4-

+
4-

0
0
0
0

OOOO

19 20
OOOO

4-

+
+
4-

4>
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4-

+
+
4-

0
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Sample Site: P19
Typical Duwamish Dredgeale 1,000 cy dump
Grldpiont Spacing: Xdir= 50ft Zdlr° 50ft

Pacific Sound Resources Superfund Site
STFATE Model Analysis

RUN 5 - SAMPLE SITE Pt9 - DEEP WATER

CONCENTRATIONS ABOVE BACKGROUND (MGA.) OF SEDIMENT 100 FT BELOW WATER SURFACE, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND... + - .LT. .01 . = XT. .0001. 0 . .LT. .000001

M N=2

2 OOOO
3 0000
4 OOOO
5 OOOO
6 OOOO
7 OOOO
8 OOOO
9 OOOO
10 OOOO
11 OOOO
12 OOOO
13 OOOO
14 OOOO
15 OOOO
16 OOOO
17 OOOO
18 OOOO
19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO

3
OOOO

0
0
0
0
0
0

0.51
0.47
0.36
0.25
0.15
0.08
0.03
0.01

+
+
•*•
0
0
0
0
0
0
0
0
0
0

OOOO

4

OOOO
0
0
0
0
0
0

1.43
1.22
1.02
0.72
0,43
0.22
0.1
0.04
0.01

+
+
0
0
0
0
0
0
0
0
0
0

OOOO

5
OOOO

0
0
0
0
0

3.37
3.47
3.16
2.55
1.73
1.02
0.57
0.25
0.1
0.03
0.01

+
0
0
0
0
0
0
0
0
0
0

OOOO

e
OOOO

0
0
0
0
0

7.25
7.65
6.94
5.51
3.78
2.24
1.12
0.55
0.22
0.07
0.02

+
0
0
0
0
0
0
0
0
0
0

OOOO

7
OOOO

0
0
0
0
0

14.28
14.29
13.27
10.21
7.15
4.29
2.24
1.02
0.4

0.14
0.04
0.01

0
0
0
0
0
0
0
0
0
0

OOOO

8
OOOO

0
0
0
0

19.38
23.45
24.48
22.43
17.34
12.24
7.04
3.67
1.63
0.66
0.23
0.07
0.01

0
0
0
0
0
0
0
0
0
0

OOOO

8
OOOO

0
0
0
0

27.53
33.64
34.67
31.61
24.49
17.34
10.2
5.2
2.35
0.95
0.32
0.09
0.02

0
0
0
0
0
0
0
0
0
0

OOOO

10
OOOO

0
0
0

24.47
33.65
41.79
43.83
39.76
31.6
21.42
12.25
6.43
2.B6
1.12
0.39
0.12
0.03

0
0
0
0
0
0
0
0
0
0

OOOO

11
OOOO

0
0

16.32
25.51
36.7

44.85
47.89
42.81
33.65
22.45
13.27
6.84
3.06
1.22
0.42
0.13
0.03

0
0
0
0
0
0
0
0
0
0

OOOO

12
OOOO

0
0

15.3
24.47
33.65
41.79
43.83
39.76
31.6
21.42
12.25
6.43
2.66
1.12
0.39
0.12
0.03

0
0
0
0
0
0
0
0
0
0

OOOO

13
OOOO

0
6.43
12.24
19.38
27.53
33.64
34.67
31.61
24.49
17.34
10.2
5.2
2.35
0.95
0.32
0.09
0.02

0
0
0
0
0
0
0
0
0
0

OOOO

14
OOOO

2.14
4.49
8.37
13.27
19.38
23.45
24.48
22.43
17.34
12.24
7.04
3.67
1.63
0.66
0.23
0.07
0.01

0
0
0
0
0
0
0
0
0
0

OOOO

15
OOOO

1.32
2.75
5.1
8.17
11.23
14.28
14.29
13.27
10.21
7.15
4.29
2.24
1.02
0.4

0.14
0.04
0.01

0
0
0
0
0
0
0
0
0
0

OOOO

16
OOOO

0.71
1.43
2.65
4.29
6.02
7.25
7.65
6.94
5.51
3.78
2.24
1.12
0.55
0.22
0.07
0.02

+
0
0
0
0
0
0
0
0
0
0

OOOO

17
OOOO

0.33
0.7
1.22
1.94
2.75
3.37
3.47
3.16
2.55
1.73
1.02
0.57
0.25
0.1
0.03
0.01

+
0
0
0
0
0
0
0
0
0
0

OOOO

18
OOOO

0.13
0.28
0.52
0.82
1.12
1.32
1.43
1.22
1.02
0.72
0.43
0.22
0.1
0.04
0.01

+
+
0
0
0
0
0
0
0
0
0
0

OOOO

19
OOOO

0.04
0.1
0.18
0.19
0.4
0.49
0.51
0.47
0.36
0.25
0.15
0.08
0.03
0.01

+
+
•*.
0
0
0
0
0
0
0
0
0
0

OOOO

20
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
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Sample Site: P19
Typical Duwamlsh Dredgeate 1,000 cy dump
GridpiontSpacing: Xdiro soft 2dlr =

Pacific Sound Resources Supertund Site
STFATE Model Analysis

RUN 5 - SAMPLE SITE P19 - DEEP WATER

50ft

CONCENTRATIONS ABOVE BACKGROUND (MG/L) OF SEDIMENT 50 FT BELOW WATER SURFACE, 3600.00 SECONDS AFTER DUMP
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND... + = .LT. .01 . = .LT. .0001 0 = .LT. .000001

M N= 2
2 OOOO
3 OOOO
4 OOOO
5 OOOO
6 OOOO
7 OOOO
8 OOOO
9 OOOO
10 OOOO
11 OOOO
12 OOOO
13 OOOO
14 OOOO
15 OOOO
16 OOOO
17 OOOO
ifl ncv^oI O \J\J\J\J

19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO

3
OOOO

0
+
+

0.01
0.02
0.03
0.03
0.03
0.02
0.01

+
+
+
+

0
0
0
0
0
0
0
0
0
0
0

OOOO

4
OOOO

0
0.01
0.03
0.08
0.14
0.19
0.21
0.18
0.12
0.06
0.03
0.01

+
+
+

0
0
0
0
0
0
0
0
0
0

OOOO

5
OOOO

0
0.06
0.17
0.37
0.64
0.88
0.95
0.82
0.55
0.3

0.13
0.04
0.01

+
•f

0
0
0
0
0
0
0
0
0
0

OOOO

6
OOOO

0.06
0.22
0.61
1.31
2.31
3.12
3.42
2.92
2.01

1
0.46
0.15
0.04

+
+

0
0
0
0
0
0
0
0
0
0

OOOO

7
OOOO

0.18
0.63
1.71
3.82
6.74
9.26
10.06
8.65
5.84
3.12
1.31
0.44
0.12
0.02

+

0
0
0
0
0
0
0
0
0
0

OOOO

8
OOOO

0.41
1.41
4.02
8.86
18.1

21.13
23.14
20.12
13.08
7.14
2.92

1
0.27
0.05
0.01

+
0
0
0
0
0
0
0
0
0
0

OOOO

9
OOOO

0.74
2.51
7,25
16.1

28.17
39.24
43.26
36.22
24.15
13.08
5.43
1.81
0.4S
0.1
0.01

+
0
0
0
0
0
0
0
0
0
0

OOOO

10
OOOO

1
3.62
10.07
23.14
41.25
56.33
61.36
52.31
35.21
18.12
7.75
2.51
0.68
0.14
0.02

+
0
0
0
0
0
0
0
0
0
0

OOOO

11
OOOO

1.1
4.12
12.07
26.16
46.27
64.37
69.4
59.35
39.24
21.13
8.65
2.B2
0.77
0.16
0.02

+
0
0
0
0
0
0
0
0
0
0

OOOO

12
OOOO

1
3.62
10.07
23.14
41.25
56.33
61.36
52.31
35.21
18.12
7.75
2.51
0.68
0.14
0.02

+
0
0
0
0
0
0
0
0
0
0

OOOO

13
OOOO

0.74
2.51
7.25
16.1

28.17
39.24
43.26
36.22
24.15
13.08
5.43
1.81
0.48
0.1
0.01

+
0
0
0
0
0
0
0
0
0
0

OOOO

14
OOOO

0.41
1.41
4.02
8.86
16.1

21.13
23.14
20.12
13.08
7.14
2.92

1
0.27
0.05
0.01

+
0
0
0
0
0
0
0
0
0
0

OOOO

15
OOOO
0.18
0.63
1.71
3.82
6.74
9.26
10.06
8.65
5.84
3.12
1.31
0.44
0.12
0.02

•f

0
0
0
0
0
0
0
0
0
0

OOOO

16
OOOO
0.06
0.22
0.61
1.31
2.31
3.12
3.42
2.92
2.01

1
0.46
0.15
0.04

+
+

0
0
0
0
0
0
0
0
0
0

OOOO

17
OOOO

0.01
0.06
0.17
0.37
0.64
0.88
0.95
0.82
0.55
0.3

0.13
0.04
0.01

•f
+

0
0
0
0
0
0
0
0
0
0

OOOO

18
OOOO

+
0.01
0.03
0.08
0.14
0.19
0.21
0.18
0.12
0.06
0.03
0.01

•*•
+
+

0
0
0
0
0
0
0
0
0
0

OOOO

19
OOOO

•+•

+

+
0.01
0.02
0.03
0.03
0.03
0.02
0.01

+
4-

+

+

0
0
0
0
0
0
0
0
0
0
0

OOOO

20
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
.0000
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
OOOO
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Sample Site: P19
Cohesive Sediment 1,000 cy dump
Gridpiont Spacing: X dir = 50 ft

Pacific Sound Re^Bces Superfund Site
STFATE Model AnalyW- COHESIVE MATERIAL

RUN 5 - SAMPLE SITE P19 • DEEP WATER

Zdir= 50ft

TOTAL THICKNESS (FT) OF NEW MATERIAL ON BOTTOM,
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND... + = .LT. .01 . = IT. .0001 0 = .LT. .000001

3600.00 SECONDS AFTER DUMP

M N= 2
2 OOOO
3 OOOO
4 OOOO
5 OOOO
6 OOOO
7 OOOO
8 OOOO
9 OOOO
10 OOOO
11 OOOO
12 OOOO
13 OOOO
14 OOOO
15 OOOO
16 OOOO
17 OOOO
18 OOOO
19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO

3 4 5 6
OOOO OOOO OOOO OOOO

. . . .

• • i .

+
+ +

+ + +
+ + + +
+ + + +
+ + + +
+ + + +
+ + + 0.01
+ + + 0.01
+ + + 0.02
+ + + 0.02
+ + + 0.02
+ + + 0.01
+ + + 0.01
+ + + +
+ + + +

+ + +
+ +

+
• t

0 0 . .
0 0 0 .
O O O O
O O O O
O O O O

OOOO OOOO OOOO OOOO

7
OOOO

.

,

+
+
+
+
+
+

0.01
0.02
0.03
0.04
0.04
0.04
0.03
0.02
0.01

+
+
+
+

t

(

0
0
0

OOOO

8
OOOO

.

+
+
+
+
+
+

0.01
0.02
0.04
0.06
0.07
0.09
0.08
0.06
0.04
0.02
0.01

+
+
+
t

r

f

0
0
0

OOOO

9
OOOO

+
+
+
+
+
+

0.01
0.03
0.06
0.09
0.13
0.16
0.17
0.13
0.07
0.03
0.01

+
+
+
+
f

f

0
0
0

OOOO

10
OOOO

+
+
+
+
+

0.01
0.02
0.04
0.08
0.12
0.2

0.31
0.36
0.24
0.11
0.05
0.02

+
+
+
+
t

t

m

0
0

OOOO

11
OOOO

.

+
+
+
+
+

0.01
0.02
0.04
0.08
0.14
0.25
0.41
0.49
0.32
0.13
0.05
0.02

+
+
+
+

0
0

OOOO

12
OOOO

+
+
+
+
+

0.01
0.02
0.04
0.08
0.12
0.2

0.31
0.36
0.24
0.11
0.05
0.02

+
+
+
+
.

t

t

0
0

OOOO

13
OOOO

+
+
+
+
+
+

0.01
0.03
0.06
0.09
0.13
0.16
0.17
0.13
0.07
0.03
0.01

+
+
+
+
t

1

0
0
0

OOOO

14
OOOO

+
+
+
+
+
+

0.01
0.02
0.04
0.06
0.07
0.09
0.08
0.06
0.04
0.02
0.01

+
+
+
.

0
0
0

OOOO

15
OOOO

+
+
+
+
+
+

0.01
0.02
0.03
0.04
0.04
0.04
0.03
0.02
0.01

+
+
+
+

0
0
0

OOOO

16 17
OOOO OOOO

.

.
+
+ +
+ +
+ +
+ +
+ +
+ +

0.01 +
0.01 +
0.02 +
0.02 +
0.02 +
0.01 +
0.01 +

+ +
+ +
+ +
+ +
+

p ,

,

0
0 0
0 0
0 0

OOOO OOOO

18
OOOO

t

t

t

+
+
•f
+
+
+
+
+
+
+
+
+
+
+
+
,

.

.

0
0
0
0
0

OOOO

19 20
OOOO OOOO

OOOO
OOOO
OOOO
OOOO
OOOO

+ OOOO
+ OOOO
+ OOOO
+ OOOO
+ OOOO
+ OOOO
+ OOOO
+ OOOO
+ OOOO
+ OOOO
+ OOOO
+ OOOO
+ OOOO

OOOO
OOOO
OOOO
OOOO

0 OOOO
0 OOOO
0 OOOO
0 OOOO
0 OOOO

OOOO OOOO
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Short-term Mound Height in RA5
***This run assumes short-term void ratios of unconsolidated materials
Sample Site: P19
Typical Duwamish Dredgeate 1,000 cy dump
Gridpiont Spacing: X dir = 50 ft Z dir = 50 ft

TOTAL THICKNESS (FT) OF NEW MATERIAL ON BOTTOM,
MULTIPLY DISPLAYED VALUES BY 1.000
LEGEND... + = .LT. .01 , = .LT. .0001 0 = .LT. .000001

3600.00 SECONDS AFTER DUMP

M N= 2
2 OOOO
3 OOOO
4 OOOO
5 OOOO
6 OOOO
7 OOOO
8 OOOO
9 OOOO
10 OOOO
11 OOOO
12 OOOO
13 OOOO
14 OOOO
15 OOOO
16 OOOO
17 OOOO
18 OOOO
19 OOOO
20 OOOO
21 OOOO
22 OOOO
23 OOOO
24 OOOO
25 OOOO
26 OOOO
27 OOOO
28 OOOO
29 OOOO
30 OOOO

3 4 5
OOOO OOOO OOOO

+
+ +

• » • • » • +
+ + +
+ + +
+ + +
+ + +
+ + 0.01
+ + 0.01
+ + 0.01
+ + 0.01
t- + 0.01
+ + +
+ 4. +
• » • • » • + •

+ +
+• +

0
0 0 0
0 0 0
0 0 0
0 0 0

OOOO OOOO OOOO

6
OOOO

,

•f
+
+
+
+
+

0.01
0.02
0.03
0.03
0.04
0.04
0.03
0.02
0.01

+
+
+
+

0
0
0

OOOO

7
OOOO

+
+
+
+
+

0.01
0.02
0.04
0.06
0.08
0.09
0.09
0.07
0.04
0.02
0.01

+
+
•t-
+

0
0
0

OOOO

8
OOOO

+
+
+
+
+

0.01
0.02
0.04
0.07
0.11
0.15
0.17
0.16
0.13
0.09
0.05
0.02

+
+
+
+

0
0

OOOO

9
OOOO

+
+
+
+
+

0.01
0.03
0.06
0.11
0.18
0.24
0.28
0.27
0.21
0.14
0.08
0.03
0.01

+
•f
+

0
0

OOOO

10
OOOO

•f
+
+
+
+

0.01
0.04
0.08
0.15
0.25
0.35
0.41
0.38
0.29
0.19
0.1
0.04
0.01

+
+
+

0
0

OOOO

11
OOOO

+
+
+
+
+

0.02
0.04
0.09
0.17
0.28
0.42
0.49
0.44
0.33
0.21
0.11
0.05
0.02

+
+
+

0
0

OOOO

12
OOOO

+
+
+
+
+

0.01
0.04
0.08
0.15
0.25
0.35
0.41
0.38
0.29
0.19
0.1
0.04
0.01

+
+
+

0
0

OOOO

13
OOOO

+
+
+
+
+

0.01
0.03
0.06
0.11
0.18
0.24
0.28
0.27
0.21
0.14
0.08
0.03
0.01

+
+
+
.

0
0

OOOO

14.
OOOO

+
+
+
+
+

0.01
0.02
0.04
0.07
0.11
0.15
0.17
0.16
0.13
0.09
0.05
0.02

+
+
+
+

0
0

OOOO

15
OOOO

+
+
+
+
•f

0.01
0.02
0.04
0.06
0.08
0.09
0.09
0.07
0.04
0.02
0.01

+
+
+
+

0
0
0

OOOO

16
OOOO

•f

+ .
+
+
+
+

0.01
0.02
0.03
0.03
0.04
0.04
0.03
0.02
0.01

+
+
+
+

0
0
0

OOOO

17
OOOO

,

+
+
+
+
+
+
+

0.01
0.01
0.01
0.01
0.01

+
+
+
+
+

0
0
0
0

OOOO

18 19 20
OOOO OOOO OOOO

OOOO
OOOO
OOOO
OOOO

+ . OOOO
+ + OOOO
+ + OOOO
+ + OOOO
•f + OOOO
+ + OOOO
•f + OOOO
-t- + OOOO
+ + OOOO
+ + OOOO
+ + OOOO
+ + OOOO
+ + OOOO
+ + OOOO
+ . OOOO
+ . OOOO

OOOO
OOOO

0 OOOO
0 0 OOOO
0 0 OOOO
0 0 OOOO
0 0 OOOO

OOOO OOOO OOOO

RUN5FLUFfinalmound.xls RUNSFLUFfinalmound



Run 5 - PSR Sample Site P19 - Duwamish Dredgeate, MODIFIED

fT
MODEL: SHORT-TERM FATE OF DREDGED MATERIAL FROM SPLIT HULL BARGE OR
HOPPER DREDGE

(PC Version 5.01 MAY, 1993)

TITLE: Run 5 - PSR Sample Site PI9 - Duwamish Dredgeate, MODIFIED

FILE: RUN5MOD .DUE

AREA: THE PROJECT AREA IS DESCRIBED BY A 21 X 31 GRID.

THERE ARE 21 GRID POINTS (NMAX) IN THE Z-DIRECTION (FROM LEFT
TO RIGHT)

AND 31 GRID POINTS (MMAX) IN THE X-DIRECTION (FROM TOP TO
BOTTOM).

EXECUTION PARAMETERS:

MODEL COEFFICIENTS SPECIFIED IN INPUT DATA (KEYl = 1) .

PERFORM COMPLETE ANALYSIS INCLUDING DESCENT, COLLAPSE, AND
TRANSPORT-DIFFUSION (KEY2 = 0).

NO CONTAMINANT OR TRACER TRANSPORT-DIFFUSION COMPUTIONS
DESIRED (KEY3 = 0) .

PRINTING OF CONVECTIVE DESCENT RESULTS REQUESTED (IPCN =1).

PRINTING OF CONVECTIVE DESCENT RESULTS REQUESTED (IPCN =1).

PRINTING OF DYNAMIC COLLAPSE RESULTS REQUESTED (IPCL = 1).

QUARTERLY PRINTING OF LONG-TERM TRANSPORT DIFFUSION RESULTS
REQUESTED (IPLT = 0).

LONG-TERM TRANSPORT DIFFUSION RESULTS REQUESTED AT THE
FOLLOWING 3 DEPTH(S):

50.00 FT
100.00 FT
165.00 FT

GRID: NUMBER OF LONG TERM GRID POINTS IN Z-DIRECTION (NMAX) = 21

NUMBER OF LONG TERM GRID POINTS IN X-DIRECTION (MMAX) = 31

GRID SPACING IN Z-DIRECTION (DZ) = 50.00000 FT

GRID SPACING IN X-DIRECTION (DX) = 50.00000 FT
•*/

DEPTH GRID, FEET:



M N
11
1

70.
2

82.
3

92.
4

104.
5

112.
6

119.
7

126.
8

133.
9

140.
10
147.
11
151.
12
155.
13
161.
14
166.
15
171.
16
176.
17
180.
18
184.
19
187.
20
190.
21
194.
22
197.
23
198.
24
199.
25
201.
26
201.
27
201.
28
202.
29
202.
30

= 1
12
37.
86.
40.
88.
45.
99.
49.
110.
63.
118.
76.
125.
88.
132.
98.
138.
104.
144.
113.
150.
121.
155.
128.
159.
135.
165.
140.
170.
144.
175.
148.
180.
151.
183.
154.
188.
158.
191.
161.
195.
163.
198.
164.
202.
164.
203.
165.
204.
166.
204.
167.
205.
168.
205.
168.
205.
167.
205.
168.

2
13
35.
89.
42.
98.
52.

106.
60.
113.
70.
120.
84.
127.
96.
134.
103.
142.
110.
148.
117.
154.
125.
158.
132.
162.
138.
168.
143.
173.
148.
178.
152.
183.
155.
187.
158.
191.
161.
195.
165.
199.
168.
204.
169.
206.
169.
208.
170.
209.
170.
209.
170.
209.
172.
209.
173.
208.
173.
207.
172.

3
14
36.
87.
42.

100.
57.

110.
69.
116.
80.
124.
90.
130.
99.
134.
106.
142.
113.
150.
119.
157.
126.
162.
135.
166.
140.
171.
146.
176.
151.
181.
155.
186.
159.
190.
162.
193.
165.
197.
169.
201.
171.
207.
173.
209.
174.
211.
174.
213.
175.
214.
176.
214.
177.
213.
177.
212.
178.
211.
178.

4
15
37.
94.
47.

102.
60.

111.
72.
122.
84.
129.
92.
132.
102.
137.
110.
143.
116.
150.
122.
157.
128.
164.
135.
169.
142.
174.
149.
180.
154.
185.
158.
189.
162.
193.
165.
195.
169.
199.
172.
204.
175.
208.
177.
211.
179.
213.
180.
216.
180.
217.
181.
217.
181.
217.
183.
217.
184.
216.
184.

5
16
45.
99.
54.

106.
65.

116.
77.
123.
86.
131.
94.
136.
104.
140.
113.
151.
120.
156.
125.
161.
131.
166.
137.
172.
142.
177.
150.
183.
155.
187.
161.
191.
164.
195.
168.
198.
172.
201.
176.
205.
178.
208.
180.
211.
182.
215.
184.
217.
184.
220.
184.
220.
185.
220.
185.
220.
187.
221.
187.

6
17
51.

101.
63.

109.
72.

118.
83.
128.
92.
132.
99.
139.
106.
147.
116.
153.
123.
160.
129.
167.
134.
171.
140.
175.
144.
181.
151.
185.
157.
189.
162.
193.
167.
198.
170.
201.
174.
203.
178.
205.
181.
209.
183.
213.
185.
216.
186.
219.
186.
221.
187.
221.
189.
222.
189.
223.
190.
223.
190.

7

54.
107.
68.

113.
77.

120.
87.
130.
95.
138.
103.
142.
112.
149.
120.
157.
126.
164.
132.
169.
139.
175.
143.
180.
149.
185.
154.
187.
159.
190.
165.
194.
170.
199.
173.
201.
176.
205.
180.
207.
184.
210.
186.
213.
187.
217.
188.
221.
190.
223.
191.
223.
192.
225.
193.
226.
193.
226.
193.

8

58.

72.

82.

90.

98.

106.

116.

123.

129.

135.

142.

148.

154.

158.

162.

167.

173.

177.

180.

183.

188.

189.

191.

190.

193.

195.

195.

197.

197.

197.

9

60

76

88

96

104

111

120

128

134

141

147

150

157

161

166

172

176

180

183

186

190

193

194

195

197

197

198

199

199

200

10



202. 204. 206. 209. 215. 221. 225. 226.
31 167. 172. 177. 184. 187. 190. 193. 197. 200.

202. 203. 205. 209. 216. 221. 223. 228.

M N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

=18
115.
122.
128.
135.
143.
146.
152.
157.
164.
171.
176.
181.
185.
187.
192.
193.
197.
201.
205.
208.
211.
214.
219.
223.
224.
225.
227.
228.
229.
229.
231.

19
120.
128.
135.
141.
146.
149.
155.
158.
164.
170.
178.
183.
185.
190.
193.
194.
197.
200.
206.
209.
212.
216.
219.
223.
225.
227 .
228.
229.
231.
231.
233.

20
123.
131.
139.
143.
148.
152.
156.
161.
156.
170.
179.
186.
187.
192.
194.
196.
198.
201.
208.
210.
213.
217.
221.
224.
227.
229.
231.
232.
233.
233.
235.

21
127
135
141
146
149
155
158
163
166
174
181
185
189
194
196
198
202
204
211
212
216
219
223
225
227
230
233
235
235
236
237

CODED GRID:

RANGE OF N IS 1 TO 21

X X X X X X X X X X X X X X X X X X X X X
x o o o o o o o o o o o o o o o o o o o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
X O W W W W W W W W D W W W W W W W W O X
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x



x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o w w w w w w w w w w w w w w w w w o x
x o o o o o o o o o o o o o o o o o o o x
x x x x x x x x x x x x x x x x x x x x x

LEGEND FOR CODED GRID: W = WATER POINT
L = LAND POINT
O = OPEN BOUNDARY
B = DISPOSAL SITE BOUNDARY
D = DUMP LOCATION
X = DUMMY POINT

NUMBER OF GRID POINTS WITHIN ESTUARY = 459

DISPOSAL LOCATION:

THE DUMP LOCATION IS 750.0 FT (XBARGE) OR ABOUT GRID
POINT #16 FROM THE TOP OF THE GRID

AND 500.0 FT (ZBARGE) OR ABOUT GRID POINT #11 FROM THE
LEFT EDGE OF THE GRID.

THE BOTTOM SLOPE IN THE X-DIRECTION AT THE DUMP SITE (SLOPEX,
POSITIVE IF DEPTH INCREASES

FROM TOP OF GRID TO BOTTOM OF GRID) IS 5.00 DEGREES.

THE BOTTOM SLOPE IN THE Z-DIRECTION AT THE DUMP SITE (SLOPEZ,
POSITIVE IF DEPTH INCREASES

FROM LEFT SIDE OF GRID TO RIGHT SIDE OF GRID) IS 3.00
DEGREES.

THE DISPOSAL LOCATION IS NOT AT A HOLE OR DEPRESSION. (DHOLE
= 0.0)

AMBIENT DENSITY PROFILE:

DEPTH (FT) DENSITY (G/CC)
O.OOOOE+00 1.0223
235.0 1.0231

COMPUTED DEPTH:

THE DEPTH AT THE DUMP LOCATION WAS INTERPOLATED TO BE 171.0
FT.

SINGLE VELOCITY PLANE WITH DEPTH AVERAGED VALUES READ IN
- NO LOGARITHMIC VARIATION



VELOCITY GRID: X-DIRECTION, FPS

M N = 1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17
1 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -

0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
2 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -

0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
3 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -

0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
4 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -

0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
5 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -

0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
6 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -

0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
7 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -

0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
8 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -

0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
9 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -

0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
10 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
11 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
12 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
13 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
14 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
15 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
16 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
17 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
18 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
19 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
20 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
21 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
22 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
23 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
24 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
25 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
26 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
27 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
28 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -



0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
29 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
30 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
31 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100
V

M N= 18 19 20 21
1 -0.100 -0.100 -0.100 -0.100
2 -0.100 -0.100 -0.100 -0.100
3 -0.100 -0.100 -0.100 -0.100
4 -0.100 -0.100 -0.100 -0.100
5 -0.100 -0.100 -0.100 -0.100
6 -0.100 -0.100 -0.100 -0.100
7 -0.100 -0.100 -0.100 -0.100
8 -0.100 -0.100 -0.100 -0.100
9 -0.100 -0.100 -0.100 -0.100
10 -0.100 -0.100 -0.100 -0.100
11 -0.100 -0.100 -0.100 -0.100
12 -0.100 -0.100 -0.100 -0.100
13 -0.100 -0.100 -0.100 -0.100
14 -0.100 -0.100 -0.100 -0.100
15 -0.100 -0.100 -0.100 -0.100
16 -0.100 -0.100 -0.100 -0.100
17 -0.100 -0.100 -0.100 -0.100
18 -0.100 -0.100 -0.100 -0.100
19 -0.100 -0.100 -0.100 -0.100
20 -0.100 -0.100 -0.100 -0.100
21 -0.100 -0.100 -0.100 -0.100
22 -0.100 -0.100 -0.100 -0.100
23 -0.100 -0.100 -0.100 -0.100
24 -0.100 -0.100 -0.100 -0.100
25 -0.100 -0.100 -0.100 -0.100
26 -0.100 -0.100 -0.100 -0.100
27 -0.100 -0.100 -0.100 -0.100
28 -0.100 -0.100 -0.100 -0.100
29 -0.100 -0.100 -0.100 -0.100
30 -0.100 -0.100 -0.100 -0.100
31 -0.100 -0.100 -0.100 -0.100

VELOCITY GRID: Z-DIRECTION, FPS

M N = 1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17

1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000



0.000
9

0.000
10

0.000
11

0.000
12

0.000
13

0.000
14

0.000
15

0.000
16

0.000
17

0.000
18

0.000
19

0.000
20

0.000
21

0.000
22

0.000
23

0.000
24

0.000
25

0.000
26

0.000
27

0.000
28

0.000
29

0.000
30

0.000
31

0.000

M N=
1
2
3
4
5
6
7
8
9

10
11
12

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

18
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

19
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000

20
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0 .000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

21
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0 .000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0 .000
0.000

0.000
0.000

0.000
0 .000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0 .000
0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000



13 0.000
14 0.000
15 0.000
16 0.000
17 0.000
18 0.000
19 0.000
20 0.000
21 0.000
22 0.000
23 0.000
24 0.000
25 0.000
26 0.000
27 0.000
28 0.000
29 0.000
30 0.000
31 0.000

BOTTOM SHEAR

M N=
11
1 0.

0.0000
2 0.

0.0000
3 0.

0.0000

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4 0.
.0000
5 0.
.0000
6 0.
.0000
7 0.
.0000
8 0.
.0000
9 0.
.0000
10 0.
.0000
11 0.
.0000
12 0.
.0000
13 0.
.0000
14 0.
.0000
15 0.
.0000
16 0.
.0000
17 0.
.0000
18 0.
.0000
19 0.

1
12
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

STRESS,

2
13
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

LBS/SQ FT:

3
14
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0

4
15
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0

5
16
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0

6
17
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.

7

0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0

8

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

9

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

10



0.0000
20 0
0.0000
21 0
0.0000
22 0
0.0000
23 0
0.0000
24 0
0.0000
25 0
0.0000
26 0
0.0000
27 0
0.0000
28 0
0.0000
29 0
0.0000
30 0
0.0000
31 0
0.0000

M N=
1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 0
9 0
10 0
11 0
12 0
13 0
14 0
15 0
16 0
17 0
18 0
19 0
20 0
21 0
22 0
23 0
24 0
25 0
26 0
27 0
28 0
29 0
30 0
31 0

0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000

18
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0

0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000

19
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0

0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000
.0000 0
0.0000

20
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0
.0000 0

0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000

21
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000
0000 0
0.0000

0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000
.0000 0.
0.0000

0.0000
0000 0.0000
0.0000
0000 0.0000
0.0000
0000 0.0000
0.0000
0000 0.0000
0.0000
0000 0.0000
0.0000
0000 0.0000
0.0000
0000 0.0000
0.0000
0000 0.0000
0.0000
0000 0.0000
0.0000
0000 0.0000
0.0000
0000 0.0000
0.0000
0000 0.0000
0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000



TIME PARAMETERS:

DURATION OF THE DISPOSAL, TREL = 20.00 SECONDS

DURATION OF THE SIMULATION, TSTOP = 3600.00 SECONDS

LONG-TERM TIME STEP USED IN THE SIMULATION, DTL = 300.00
SECONDS

BARGE DESCRIPTION:

LENGTH OF BARGE, BARGL = 0.20E+03 FT

WIDTH OF BARGE, BARGW = 50. FT

DRAFT OF LOADED BARGE, DREL1 = 17.0

DRAFT OF UNLOADED BARGE, DREL2 = 5.00

MODEL COEFFICIENTS READ FROM INPUT:

TURBULENT THERMAL ENTRAINMENT

SETTLING COEFFICIENT

APPARENT MASS COEFFICIENT

DRAG COEFFICIENT FOR A SPHERE

RATIO--CLOUD/AMBIENT DENSITY GRADIENTS

FORM DRAG FOR COLLAPSING CLOUD

SKIN FRICTION FOR COLLAPSING CLOUD

DRAG FOR AN ELLIPSOIDAL WEDGE

DRAG FOR A PLATE

ENTRAINMENT IN COLLAPSE

FRICTION BETWEEN CLOUD AND BOTTOM

4/3 LAW HORIZ. DIFF. DISSIPATION FACTOR

UNSTRATIFIED WATER VERT. DIFF. COEF.

STRIPPING COEF. OF FINES DURING CONVERTIVE DESCENT=

MATERIAL DESCRIPTION: 4 SOLIDS FRACTIONS

FT

FT

ALPHAO =

BETA =

CM

CD

GAMA

CDRAG =

CFRIC =

CDS

CD4

ALPHAC =

FRICTN =

ALAMDA =

AKYO

: DESCENT=

0.2350

0.0000

1.0000

0.5000

0.2500

1.0000

0.0100

0.1000

1.0000

0.1000

0.0100

0.0010

0.0250

0.0030

L A Y E R 1

SPEC. GRAV. VOLUMETRIC FALL DEPOSITIONAL
DESCRIPTION OR DENSITY CONCENTRATION VELOCITY VOID RATIO

CHARACTER
(GM/CC) (VOL/VOL) (FPS)



GRAVEL 2.700 0.3900E-02 1.00000 0.5000
NONCOHESIVE

CRITICAL SHEAR STRESS FOR DEPOSITION = 99.00
LBS/SQ. FT.

SEDIMENT FRACTION WILL NOT BE STRIPPED DURING CONVECTIVE
DESCENT;

SAND 2.700 0.2457 0.10000 0.6000
NONCOHESIVE

CRITICAL SHEAR STRESS FOR DEPOSITION = 0.2500E-01
LBS/SQ. FT.

SEDIMENT FRACTION WILL BE STRIPPED DURING CONVECTIVE
DESCENT.

SILT 2.650 0.1485 0.01000 2.250
COHESIVE

CRITICAL SHEAR STRESS FOR DEPOSITION = 0.9000E-02
LBS/SQ. FT.

SEDIMENT FRACTION WILL BE STRIPPED DURING CONVECTIVE
DESCENT.

CLAY 2.650 0.2000E-02 0.00200 2.500
COHESIVE

CRITICAL SHEAR STRESS FOR DEPOSITION = 0.2000E-02
LBS/SQ. FT.

SEDIMENT FRACTION WILL BE STRIPPED DURING CONVECTIVE
DESCENT.

SPEC. GRAV. VOLUMETRIC
DESCRIPTION OR DENSITY CONCENTRATION

(GM/CC) (VOL/VOL)

FLUID 0.9987 0.5999
" DISCHARGE PARAMETERS:

VOLUME OF LAYER 1 = 1000. CU YD

INITIAL RADIUS OF CLOUD, RB = 23.44779 FT

INITIAL DEPTH OF CLOUD CENTROID, DREL = 24.65 FT

INITIAL CLOUD VELOCITIES...

X-DIRECTION (FROM TOP TO BOTTOM OF GRID), CU(1) = O.OOOOE+00
FPS

Y-DIRECTION (FROM SURFACE TO BOTTOM), CV(1) = 0.1138 FPS

Z-DIRECTION (FROM LEFT TO RIGHT OF GRID), CW(1) = O.OOOOE+00
FPS

BULK PARAMETERS:

BULK DENSITY, ROO = 1.671841 G/CC

AGGREGATE OR BULK VOIDS RATIO, BVOID = 1.221
v

CONVECTIVE DESCENT PHASE:



IN TRIAL #1 THE DESCENT PHASE TIME STEP (DT) WAS
0.12114137E-01 SECONDS.

THE TOTAL NUMBER OF INTEGRATION TIME STEPS (ISTEP)
WAS 828.

THE BOTTOM WAS ENCOUNTERED DURING CONVECTIVE
DESCENT.

THE DISCHARGE DID NOT OBTAIN A NEUTRALLY BUOYANT
CONDITION DURING CONVECTIVE DESCENT.

IN TRIAL #2 THE DESCENT PHASE TIME STEP (DT) WAS
0.25076265E-01 SECONDS.

THE TOTAL NUMBER OF INTEGRATION TIME STEPS (ISTEP)
WAS 401.

THE BOTTOM WAS ENCOUNTERED DURING CONVECTIVE
DESCENT.

THE DISCHARGE DID NOT OBTAIN A NEUTRALLY BUOYANT
CONDITION DURING CONVECTIVE DESCENT.

IN TRIAL #3 THE DESCENT PHASE TIME STEP (DT) WAS
0.25138956E-01 SECONDS.

THE TOTAL NUMBER OF INTEGRATION TIME STEPS (ISTEP)
WAS 400.

THE BOTTOM WAS ENCOUNTERED DURING CONVECTIVE
DESCENT.

THE DISCHARGE DID NOT OBTAIN A NEUTRALLY BUOYANT
CONDITION DURING CONVECTIVE DESCENT.

CONVECTIVE DESCENT RESULTS:

TIME PLUME CENTROID DIFFERENCE OF
VOLUME OF SOLIDS VOL.

FROM (DISTANCE FROM BARGE) PLUME VELOCITY PLUME & WATER
PLUME TRACER SOLID CONG. BY
DISPOSAL X-DIR DEPTH Z-DIR X-DIR DOWN Z-DIR DENSITIES
RADIUS CONC. FRACTIONS FRACTION

(SEC) (FT) (FT) (FT) (FPS) (FPS) (FPS) (G/CC)
(FT) (MG/L) (CU FT) (VOL/VOL)

20.00 0.00 24.65 0.00 0.00 0.114 0.00 0.6495E+00
23.45 0.1740E+00 0.1053E+03 0.3900E-02

0.6634E+04 0.2457E+00

0.4010E+04 0.1485E+00

0.5400E+02 0.2000E-02
20.15 0.00 24.79 0.00 0.00 1.994 0.00 0.6468E+00



23.48 0.1733E+00 0.1053E+03 0.3884E-02

0.6634E+04 0.2447E+00

0.4009E+04 0.1479E+00

0.5400E+02 0.1992E-02
20.30 0.00 25.21 0.

23.58 0.1711E+00 0.1053E+03

0.6632E+04 0.2416E+00

0.4009E+04 0.1460E+00

0.5399E+02 0.1967E-02
20.45 0.00 25.90 0.

23.74 0.1677E+00 0.1053E+03

0.6631E+04 0.2367E+00

0.4008E+04 0.1430E+00

0.5397E+02 0.1926E-02
20 .60 0 .00 26.85 0.

23.96 0.1631E+00 0.1053E+03

0.6628E+04 0.2301E+00

0.4006E+04 0.1391E+00

0.5396EH-02 0.1873E-02
20.75 0.00 28.04 0.

24.24 0.1575E+00 0.1053E+03

0.6625E-t-04 0.2221E+00

0.4004E+04 0.1343E+00

0.5393E+02 0.1808E-02
20.90 0.00 29.45 0.

24.57 0.1513E+00 0.1053E+03

0.6622E+04 0.2132E+00

0.4002E+04 0.1289E+00

0.5390E+02 0.1735E-02
21.06 0.00 31.06 0.

24.94 0.1446E+00 0.1053E+03

0.6618E+04 0.2036E+00

0.4000E+04 0.1231E+00

0.5387E+02 0.1657E-02
21.21 -0.01 32.84 0.

25.36 0.1376E+00 0.1053E+03

0.6614E+04 0.1936E+00

0.3997E+04 0.1170E+00

00 0.00 3.835
0.3836E-02

00 0.00 5.599
0.3758E-02

00 0.00 7.255
0.3655E-02

00 -0.01 8.778
0.3530E-02

00 -0.01 10.150
0.3390E-02

00 -0.01 11.362
0.3239E-02

00 -0.02 12.411
0.3083E-02

0.00 0.6387E+00

0.00 0.6256E+00

0.00 0.6081E+00

0.00 0.5872E-I-00

0.00 0.5635E+00

0.00 0.5381E+00

0.00 0.5118E+00



0.5384E+02 0.1576E-02
21.36 -0.01 34.77 0.

25.81 0.1305E+00 0.1053E+03

0.6609E+04 0.1835E+00

0.3995E+04 0.1109E+00

0.5380E+02 0.1494E-02
21.51 -0.01 36.83 0.

26.29 0.1235E+00 0.1053E+03

0.6605E+04 0.1735E+00

0.3992E+04 0.1049E+00

0.5376E+02 0.1413E-02
21.66 -0.02 38.98 0.

26.79 0.1167E+00 0.1053E+03

0.6600E-t-04 0.1638E+00

0.3989E+04 0.9902E-01

0.5372E-1-02 0.1334E-02
21.81 -0.02 41.22 0.

27.32 0.1101E+00 0.1053E+03

0.6595E+04 0.1545E+00

0.3986E+04 0.9337E-01

0.5368E+02 0.1257E-02
21.96 -0.03 43.53 0.

27.85 0.1039E+00 0.1053E+03

0.6590E+04 0.1456E+00

0.3983E+04 0.8799E-01

0.5364E+02 0.1185E-02
22.11 -0.03 45.88 0.

28.40 0.9797E-01 0.1053E+03

0.6585E+04 0.1372E+00

0.3980E+04 0.8292E-01

0.5360E+02 0.1117E-02
22.26 -0.04 48.27 0.

28.96 0.9243E-01 0.1053E+03

0.6580E+04 0.1293E+00

0.3977E+04 0.7816E-01

0.5356E+02 0.1053E-02
22.41 -0.05 50.68 0.

29.53 0.8725E-01 0.1053E+03

00 -0.02 13.301
0.2924E-02

00 -0.02 14.041
0.2767E-02

00 -0.03 14.642
0.2614E-02

00 -0.03 15.118
0.2467E-02

00 -0.04 15.484
0.2326E-02

00 -0.04 15.753
0.2194E-02

00 -0.04 15.940
0.2070E-02

00 -0.05 16.058
0.1953E-02

0.00 0.4851E+00

0.00 0.4587E+00

0.00 0.4330E+00

0.00 0.4083E+00

0.00 0.3848E+00

0.00 0.3626E+00

0.00 0.3417E+00

0.00 0.3223E+00



0.6575E+04 0.1220E+00

0.3974E+04 0.7372E-01

0.5352E+02 0.9928E-03
22.56 -0.05 53.11 0.

30.09 0.8242E-01 0.1053E+03

0.6570E+04 0.1151E+00

0.3971E-f04 0.6958E-01

0.5348E+02 0.9370E-03
22.71 -0.06 55.54 0.

30.66 0.7793E-01 0.1053E+03

0.6566E+04 0.1088E+00

0.3968E+04 0.6573E-01

0.5344E+02 0.8852E-03
22.87 -0.07 57.97 0.

31.23 0.7376E-01 0.1053E+03

0.6561E+04 0.1028E+00

0.3965E+04 0.6216E-01

0.5341E+02 0.8372E-03
23.02 -0.08 60.40 0.

31.80 0.6990E-01 0.1053E+03

0.6556E+04 0.9738E-01

0.3963E+04 0.5885E-01

0.5337E+02 0.7927E-03
23.17 -0.08 62.81 0.

32.36 0.6631E-01 0.1053E+03

0.6552E+04 0.9231E-01

0.3960E+04 0.5579E-01

0.5333E+02 0.7514E-03
23.32 -0.09 65.21 0.

32.92 0.6299E-01 0.1053E-I-03

0.6548E+04 0.8761E-01

0.3957E+04 0.5295E-01

0.5330E+02 0.7131E-03
23.47 -0.10 67.60 0.

33.48 0.5990E-01 0.1053E+03

0.6543E+04 0.8325E-01

0.3955E+04 0.5032E-01

0.5326E+02 0.6777E-03

00 -0.05 16.117
0.1845E-02

00 -0.05 16.128
0.1744E-02

00 -0.05 16.100
0.1651E-02

00 -0.06 16.040
0.1564E-02

00 -0.06 15.954
0.1484E-02

00 -0.06 15.848
0.1409E-02

00 -0.06 15.726
0.1340E-02

0.00 0.3042E+00

0.00 0.2874E+00

0.00 0.2717E+00

0.00 0.2573E+00

0.00 0.2439E+00

0.00 0.2314E+00

0.00 0.2199E+00



23.62 -0.11 69.96 0.
34.03 0.5704E-01 0.1053E+03

0.6539E+04 0.7921E-01

0.3952E+04 0.4787E-01

0.5323E+02 0.6447E-03
23.77 -0.12 72.30 0.

34.58 0.5438E-01 0.1053E+03

0.6535E+04 0.7545E-01

0.3950E+04 0.4560E-01

0.5320E+02 0.6142E-03
23.92 -0.13 74.62 0.

35.12 0.5190E-01 0.1053E+03

0.6531E+04 0.7196E-01

0.3947E+04 0.4349E-01

0.5316E+02 0.5858E-03
24 .07 -0.14 76.92 0.

35.66 0.4960E-01 0.1053E+03

0.6527E+04 0.6872E-01

0.3945E+04 0.4153E-01

0.5313E+02 0.5594E-03
24 .22 -0.15 79.19 0.

36.19 0.4745E-01 0.1053E+03

0.6524E+04 0.6569E-01

0.3943E+04 0.3970E-01

0.5310E+02 0.5347E-03
24.37 -0.16 81.45 0.

36.72 0.4545E-01 0.1053E+03

0.6520E+04 0.6287E-01

0.3941E+04 0.3800E-01

0.5307E+02 0.5118E-03
24.52 -0.18 83.67 0.

37.24 0.4357E-01 0.1053E+03

0.6517E+04 0.6023E-01

0.3939E+04 0.3640E-01

0.5305E+02 0.4903E-03
24.68 -0.19 85.87 0.

37.76 0.4182E-01 0.1053E+03

00 -0.06 15.591
0.1275E-02

0.00 0.2092E+00

00 -0.07 15.448
0.1216E-02

00 -0.07 15.298
0.1160E-02

00 -0.07 15.144
0.1109E-02

00 -0.07 14.986
0.1060E-02

00 -0.07 14.827
0.1015E-02

00 -0.07 14.667
0.9733E-03

00 -0.07 14.508
0.9339E-03

0.00 0.1993E+00

0.00 0.1901E+00

0.00 0.1815E+00

0.00 0.1735E+00

0.00 0.1660E+00

0.00 0.1591E+00

0.00 0.1525E+00

0.6513E+04 0.5777E-01



0.3937E+04 0.3491E-01

0.5302E+02 0.4702E-03
24.83 -0.20 88.05 0.00

38.27 0.4018E-01 0.1053E+03 0.

0.6510E+04 0.5546E-01

0.3934E+04 0.3352E-01

0.5299E+02 0.4514E-03
24.98 -0.21 90.21 0.00

38.77 0.3864E-01 0.1053E+03 0.

0.6506E+04 0.5329E-01

0.3932E+04 0.3221E-01

0.5296E+02 0.4338E-03
25.13 -0.22 92.34 0.00

39.27 0.3719E-01 0.1053E+03 0.

0.6503E+04 0.5126E-01

0.3931E+04 0.3098E-01

0.5294E+02 0.4173E-03
25.28 -0.23 94.45 0.00

39.77 0.3583E-01 0.1053E+03 0.

0.6500E+04 0.4935E-01

0.3929E+04 0.2983E-01

0.5291E+02 0.4017E-03
25.43 -0.24 96.53 0.00

40.25 0.3455E-01 0.1053E+03 0.

0.6497E+04 0.4756E-01

0.3927E+04 0.2874E-01

0.5289E+02 0.3871E-03
25.58 -0.26 98.59 0.00

40.74 0.3334E-01 0.1053E+03 0.

0.6494E+04 0.4586E-01

0.3925E+04 0.2772E-01

0.5286E+02 0.3733E-03
25.73 -0.27 100.63 0.00

41.22 0.3220E-01 0.1053E+03 0.

0.6491E+04 0.4426E-01

0.3923E+04 0.2675E-01

0.5284E+02 0.3603E-03
25.88 -0.28 102.65 0.00

41.69 0.3112E-01 0.1053E+03 0.

-0.08 14.350
8971E-03

-0.08 14.193
8625E-03

-0.08 14.038
8300E-03

-0.08 13.886
7995E-03

-0.08 13.736
7708E-03

-0.08 13.589
7436E-03

-0.08 13.445
7181E-03

-0.08 13.304
6939E-03

0.00

0.00

0.00

0.1464E+00

0.00 0.1407E+00

0.00 0.1353E+00

0.00 0.1303E+00

0.1255E+00

0.00 0.1211E+00

0.00 0.1168E+00

0.1128E+00



0.6488E+04 0.4276E-01

0.3922E+04 0.2584E-01

0.5282E+02 0.3480E-03
26.03 -0.29 104.65 0.

42.16 0.3010E-01 0.1053E+03

0.6486E+04 0.4133E-01

0.3920E+04 0.2498E-01

0.5279E+02 0.3364E-03
26.18 -0.31 106.63 0.

42.62 0.2914E-01 0.1053E-1-03

0.6483E+04 0.3998E-01

0.3918E+04 0.2416E-01

0.5277E+02 0.3254E-03
26.33 -0.32 108.59 0.

43.08 0.2822E-01 0.1053E+03

0.6480E+04 0.3870E-01

0.3917E+04 0.2339E-01

0.5275E+02 0.3150E-03
26.49 -0.33 110.52 0.

43.53 0.2736E-01 0.1053E+03

0.6478E+04 0.3749E-01

0.3915E+04 0.2266E-01

0.5273E+02 0.3051E-03
26.64 -0.34 112.44 0.

43.98 0.2653E-01 0.1053E+03

0.6475E+04 0.3633E-01

0.3913E+04 0.2196E-01

0.5271E+02 0.2958E-03
26.79 -0.36 114.34 0.

44.43 0.2575E-01 0.1053E+03

0.6473E+04 0.3524E-01

0.3912E+04 0.2130E-01

0.5269E+02 0.2868E-03
26.94 -0.37 116.22 0.

44.87 0.2500E-01 0.1053E+03

0.6470E+04 0.3420E-01

0.3910E+04 0.2067E-01

00 -0.08 13.166
0.6710E-03

00 -0.08 13.030
0.6494E-03

00 -0.08 12.898
0.6288E-03

00 -0.08 12.769
0.6094E-03

00 -0.08 12.643
0.5909E-03

00 -0.09 12.520
0.5733E-03

00 -0.09 12.399
0.5566E-03

0.00 0.1091E+00

0.00 0.1055E+00

0.00

0.00

0.00

0.1021E+00

0.9890E-01

0.9586E-01

0.00 0.9296E-01

0.00 0.9021E-01



0.5267E+02 0.2784E-03
27.09 -0.38 118.08 0.

45.31 0.2429E-01 0.1053E+03

0.6468E+04 0.3321E-01

0.3909E+04 0.2007E-01

0.5265E+02 0.2703E-03
27.24 -0.40 119.93 0.

45.74 0.2361E-01 0.1053E+03

0.6465E+04 0.3226E-01

0.3908E+04 0.1950E-01

0.5263E+02 0.2626E-03
27.39 -0.41 121.76 0.

46.17 0.2297E-01 0.1053E+03

0.6463E+04 0.3136E-01

0.3906E+04 0.1895E-01

0.5261E+02 0.2553E-03
27.54 -0.42 123.57 0.

46.59 0.2235E-01 0.1053E+03

0.6461E+04 0.3050E-01

0.3905E+04 0.1843E-01

0.5259E+02 0.2483E-03
27.69 -0.44 125.36 0.

47.01 0.2176E-01 0.1053E+03

0.6458E+04 0.2968E-01

0.3903E+04 0.1794E-01

0.5257E+02 0.2416E-03
27.84 -0.45 127.14 0.

47.43 0.2120E-01 0.1053E-I-03

0.6456E+04 0.2889E-01

0.3902E+04 0.1746E-01

0.5255E+02 0.2352E-03
27.99 -0.46 128.91 0.

47.84 0.2066E-01 0.1053E+03

0.6454E+04 0.2814E-01

0.3901E+04 0.1701E-01

0.5254E+02 0.2290E-03
28.14 -0.48 130.65 0.

48.25 0.2014E-01 0.1053E+03

00 -0.09 12.282
0.5406E-03

00 -0.09 12.167
0.5254E-03

00 -0.09 12.055
0.5109E-03

00 -0.09 11.945
0.4971E-03

00 -0.09 11.838
0.4838E-03

00 -0.09 11.734
0.4712E-03

00 -0.09 11.632
0.4591E-03

00 -0.09 11.532
0.4475E-03

0.00 0.8758E-01

0.00 0.8508E-01

0.00 0.8270E-01

0.00 0.8042E-01

0.00 0.7825E-01

0.00 0.7617E-01

0.00 0.7418E-01

0.00 0.7227E-01

0.6452E+04 0.2742E-01



0.3900E+04 0.1657E-01

0.5252E+02 0.2232E-03
28.30 -0.49 132.39 0.00

48.66 0.1965E-01 0.1053E+03 0

0.6450E+04 0.2673E-01

0.3898E+04 0.1615E-01

0.5250E+02 0.2176E-03
28.45 -0.50 134.11 0.00

49.06 0.1917E-01 0.1053E+03 0

0.6448E+04 0.2607E-01

0.3897E+04 0.1575E-01

0.5249E+02 0.2122E-03
28.60 -0.52 135.81 0.00

49.46 0.1871E-01 0.1053E+03 0,

0.6446E+04 0.2543E-01

0.3896E+04 0.1537E-01

0.5247E+02 0.2070E-03
28.75 -0.53 137.50 0.00

49.86 0.1828E-01 0.1053E+03 0,

0.6444E+04 0.2482E-01

0.3895E+04 0.1500E-01

0.5245E+02 0.2020E-03
28.90 -0.54 139.18 0.00

50.25 0.1785E-01 0.1053E+03 0.

0.6442E+04 0.2424E-01

0.3893E+04 0.1465E-01

0.5244E+02 0.1973E-03
29.05 -0.56 140.84 0.00

50.64 0.1745E-01 0.1053E+03 0.

0.6440E+04 0.2367E-01

0.3892E+04 0.1431E-01

0.5242E+02 0.1927E-03
29.20 -0.57 142.49 0.00

51.03 0.1706E-01 0.1053E+03 0.

0.6438E+04 0.2313E-01

0.3891E+04 0.1398E-01

0.5241E+02 0.1883E-03
29.35 -0.58 144.13 0.00

-0.09 11.435
4363E-03

-0.09 11.340
4257E-03

-0.09 11.246
4154E-03

-0.09 11.155
4056E-03

-0.09 11.066
3962E-03

-0.09 10.979
3871E-03

-0.09 10.894
3783E-03

0.00 0.7045E-01

0.00 0.6870E-01

0.00 0.6702E-01

0.00 0.6540E-01

0.00 0.6385E-01

0.00 0.6236E-01

0.00 0.6093E-01

-0.09 10.811 0.00 0.5955E-01



51.42 0.1668E-01 0.1053E+03 0.3699E-03

0.6436E+04 0.2261E-01

0.3890E+04 0.1367E-01

0.5239E+02 0.1840E-03
29.50 -0.60 145.76 0.00 -0.09 10.729 0.00 0.5822E-01

51.80 0.1632E-01 0.1053E+03 0.3618E-03

0.6434E+04 0.2211E-01

0.3889E+04 0.1336E-01

0.5238E+02 0.1800E-03
29.65 -0.61 147.37 0.00 -0.09 10.649 0.00 0.5694E-01

52.18 0.1597E-01 0.1053E+03 0.3540E-03

0.6433E+04 0.2162E-01

0.3888E+04 0.1307E-01

0.5236E+02 0.1760E-03
29.80 -0.63 148.97 0.00 -0.09 10.571 0.00 0.5571E-01

52.55 0.1564E-01 0.1053E+03 0.3464E-03

0.6431E+04 0.2116E-01

0.3887E+04 0.1279E-01

0.5235E+02 0.1722E-03
29.95 -0.64 150.56 0.00 -0.09 10.494 0.00 0.5452E-01

52.92 0.1531E-01 0.1053E+03 0.3392E-03

0.6429E+04 0.2071E-01

0.3886E+04 0.1252E-01

0.5233E+02 0.1686E-03

CLOUD COLLAPSE PHASE:

IN TRIAL #1 THE COLLAPSE PHASE TIME STEP (DT) WAS
0.25138956E-01 SECONDS.

THE TOTAL NUMBER OF INTEGRATION TIME STEPS (ISTEP)
FOR CONVECTIVE DESCENT AND COLAPSE WAS 1199.

THE INTEGRATION TIME STEP NUMBER WHEN THE BED WAS
ENCOUNTERED (IBED) WAS 400.

THE BOTTOM WAS ENCOUNTERED DURING CONVECTIVE
DESCENT.

THE DISCHARGE DID NOT OBTAIN A NEUTRALLY BUOYANT
CONDITION DURING CONVECTIVE DESCENT.

COLLAPSE PHASE RESULTS:

TIME CLOUD CENTROID VELOCITY OF DIFFERENCE OF
ELLIPSOIDAL CLOUD VOLUME OF SOLIDS VOL.

FROM (DISTANCE FROM BARGE) CLOUD CENTROID CLOUD & WATER
CLOUD AXIS LENGTHS TRACER SOLID CONC. BY
DISPOSAL X-DIR DEPTH Z-DIR X-DIR DOWN Z-DIR DENSITIES



THICKNESS MINOR MAJOR
(SEC) (FT) (FT)

(FT) (FT) (FT)

30.03 -0.65 151.35
53.11 106.22 106.22

0.6428E+04 0.2049E-01

0.3885E+04 0.1238E-01

0.5233E+02 0.1668E-03
30.36 -0.67 153.28

47.26 113.81 113.81

0.6410E+04 0.2000E-01

0.3874E+04 0.1209E-01

0.5218E+02 0.1628E-03
30.68 -0.70 155.23

42.05 122.04 122.04

0.6391E+04 0.1949E-01

0.3862E+04 0.1178E-01

0.5202E+02 0.1586E-03
31.01 -0.73 156.91

37.56 130.65 130.65

0.6372E+04 0.1898E-01

0.3851E+04 0.1147E-01

0.5187E+02 0.1545E-03
31.34 -0.76 158.34

33.76 139.47 139.47

0.6355E+04 0.1848E-01

0.3841E+04 0.1117E-01

0.5173E+02 0.1504E-03
31.66 -0.78 159.54

30.55 148.41 148.41

0.6338E+04 0.1799E-01

0.3831E+04 0.1087E-01

0.5159E+02 0.1464E-03
31.99 -0.81 160.56

27.84 157.41 157.41

0.6323E+04 0.1751E-01

0.3822E+04 0.1058E-01

0.5147E+02 0.1425E-03
32.32 -0.84 161.43

CONC. FRACTIONS FRACTION
(FT) (FPS) (FPS) (FPS) (G/CC)
(MG/L) (CU FT) (VOL/VOL)

0.00 -0.09 10.46 0.00 0.5394E-01
0.1516E-01 0.1053E+03 0.3356E-03

0.00 -0.08 6.42 0.00 0.5265E-01
0.1484E-01 0.1044E+03 0.3256E-03

0.00 -0.08 5.60 0.00 0.5131E-01
0.1451E-01 0.1032E+03 0.3148E-03

0.00 -0.08 4.77 0.00 0.4997E-01
0.1418E-01 0.1020E+03 0.3037E-03

0.00 -0.08 4.03 0.00 0.4865E-01
0.1385E-01 0.1006E+03 0.2924E-03

0.00 -0.08 3.40 0.00 0.4736E-01
0.1352E-01 0.9904E+02 0.2811E-03

0.00 -0.08 2.89 0.00 0.4609E-01
0.1319E-01 0.9740E+02 0.2697E-03

0.00 -0.08 2.46 0.00 0.4486E-01



25.53 166

0.6309E+04

0.3813E+04

0.5136E+02
32.64

23.55 175

0.6296E+04

0.3805E+04

0.5125E+02
32.97

21.84 184

0.6284E+04

0.3798E+04

0.5115E+02
33.30

20.37 193

0.6272E+04

0.3791E+04

0.5106E+02
33.63

19.08 202

0.6262E+04

0.3785E+04

0.5097E+02
33.95

17.95 211

0.6252E+04

0.3779E+04

0.5089E+02
34.28

16.96 219.

.42 166.42

0.1704E-01

0.1030E-01

0.1387E-03
-0.86 162.17
.44 175.44

0.1659E-01

0.1003E-01

0.1350E-03
-0.89 162.81
.44 184.44

0.1615E-01

0.9761E-02

0.1315E-03
-0.92 163.36
.40 193.40

0.1572E-01

0.9504E-02

0.1280E-03
-0.94 163.84
.29 202.29

0.1532E-01

0.9257E-02

0.1247E-03
-0.97 164.27
.11 211.11

0.1492E-01

0.9019E-02

0.1215E-03
-0.99 164.64
.82 219.82

.0.1288E-01 0.9562E+02 0.2583E-03

0.6243E+04

0.3773E+04

0.5082E+02
34.61

16.09 228.

0.6234E+04

0.3768E+04

0.1455E-01

0.8792E-02

0.1184E-03
-1.02 164.97
.40 228.40

0.1419E-01

0.8575E-02

0.00 -0.08 2.11 0.00 0.4367E-01
0.1256E-01 0.9373E+02 0.2470E-03

0.00 -0.08 1.83 0.00 0.4251E-01
0.1226E-01 0.9173E+02 0.2358E-03

0.00 -0.08 1.59 0.00 0.4139E-01
0.1196E-01 0.8963E+02 0.2247E-03

0.00 -0.08 1.39 0.00 0.4031E-01
0.1168E-01 0.8743E+02 0.2138E-03

0.00 -0.08 1.22 0.00 0.3927E-01
0.1140E-01 0.8515E+02 0.2032E-03

0.00 -0.07 1.07 0.00 0.3828E-01
0.1113E-01 0.8279E+02 0.1929E-03

0.00 -0.07 0.95 0.00 0.3733E-01
0.1088E-01 0.8037E+02 0.1829E-03



0.5075E+02
34.93

15.31 236

0.6227E+04

0.3763E+04

0.5068E+02
35.26

14.62 245

0.6219E+04

0.3759E+04

0.5062E+02
35.59

14.01 253

0.6212E+04

0.3755E-I-04

0.5057E+02
35.91

13.46 260,

0.6206E+04

0.3751E+04

0.5052E+02
36.24

12.97 268.

0.6200E+04

0.3747E+04

0.5047E+02
36.57

12.52 275

0.6194E+04

0.3744E+04

0.5042E-I-02
36.89

12.12 283.

0.6189E+04

0.3741E+04

0.5038E+02
37.22

11.76 289.

0.1155E-03
-1.04 165.26
.83 236.83

0.1385E-01

0.8369E-02

0.1127E-03
-1.06 165.52
.08 245.08

0.1352E-01

0.8173E-02

0.1101E-03
-1.08 165.75
.14 253.14

0.1322E-01

0.7989E-02

0.1076E-03
-1.10 165.95
.98 260.98

0.1293E-01

0.7815E-02

0.1053E-03
-1.13 166.14
.58 268.58

0.1266E-01

0.7652E-02

0.1031E-03
-1.14 166.30
.94 275.94

0.1241E-01

0.7498E-02

0.1010E-03
-1.16 166.45
05 283.05

0.1217E-01

0.7355E-02

0.9906E-04
-1.18 166.59
89 289.89

0.00 -0.07 0.84 0.00 0.3643E-01
0.1064E-01 0.7790E+02 0.1732E-03

0.00 -0.07 0.75 0.00 0.3558E-01
0.1040E-01 0.7539E+02 0.1639E-03

0.00 -0.07 0.67 0.00 0.3477E-01
0.1018E-01 0.7285E+02 0.1550E-03

0.00 -0.06 0.60 0.00 0.3401E-01
0.9977E-02 0.7029E+02 0.1465E-03

0.00 -0.06 0.54 0.00 0.3330E-01
0.9782E-02 0.6773E+02 0.1383E-03

0.00 -0.06 0.48 0.00 0.3263E-01
0.9599E-02 0.6518E+02 0.1305E-03

0.00 -0.06 0.44 0.00 0.3200E-01
0.9426E-02 0.6263E+02 0.1231E-03

0.00 -0.05 0.39 0.00 0.3141E-01
0.9265E-02 0.6011E+02 0.1161E-03



.0.6184E+04

0.3738E+04

0.5034E+02
37.55

11.44 296

0.6180E+04

0.3735E+04

0.5031E+02
37.87

11.14 302

0.6176E+04

0.3733E+04

0.5027E+02
38.20

10.87 308

0.6172E+04

0.3730E+04

0.5024E+02
38.53

10.63 314

0.6168E+04

0.3728E+04

0.5021E+02
38.85

10.40 320,

0.6165E+04

0.3726E+04

0.5018E+02
39.18

10.20 325.

0.6162E+04

0.3724E+04

0.5016E+02
39.51

10.01 330.

0.6159E+04

0.3722E+04

0.5013E+02

0.1195E-01

0.7221E-02

0.9725E-04
-1.20 166.71
.47 296.47

0.1174E-01

0.7095E-02

0.9556E-04
-1.22 166.82
.79 302.79

0.1155E-01

0.6978E-02

0.9398E-04
-1.23 166.92
.84 308.84

0.1136E-01

0.6869E-02

0.9251E-04
-1.25 167.01
.65 314.65

0.1119E-01

0.6766E-02

0.9113E-04
-1.26 167.10
21 320.21

0.1104E-01

0.6671E-02

0.8984E-04
-1.28 167.18
.54 325.54

0.1089E-01

0.6581E-02

0.8863E-04
-1.29 167.25
64 330.64

0.1075E-01

0.6497E-02

0.8750E-04

0.00 -0.05 0.36 0.00 0.3086E-01
0.9114E-02 0.5762E+02 0.1095E-03

0.00 -0.05 0.32 0.00 0.3035E-01
0.8973E-02 0.5517E+02 0.1031E-03

0.00 -0.05 0.30 0.00 0.2987E-01
0.8840E-02 0.5277E+02 0.9716E-04

0.00 -0.05 0.27 0.00 0.2942E-01
0.8717E-02 0.5041E+02 0.9150E-04

0.00 -0.04 0.25 0.00 0.2900E-01
0.8601E-02 0.4811E+02 0.8614E-04

0.00 -0.04 0.23 0.00 0.2861E-01
0.8492E-02 0.4588E+02 0.8107E-04

0.00 -0.04 0.21 0.00 0.2824E-01
0.8390E-02 0.4370E+02 0.7628E-04



39.83 -1.30 167.31 0.00 -0.04 0.19 0.00 0.2790E-01
9.83 335.52 335.52 0.8295E-02 0.4159E+02 0.7175E-04

0.6156E+04 0.1062E-01

0.3721E+04 0.6418E-02

0.5011E+02 0.8644E-04
40.16 -1.32 167.37 0.00 -0.04 0.18 0.00 0.2757E-01

9.67 340.21 340.21 0.8205E-02 0.3955E+02 0.6747E-04

0.6153E+04 0.1050E-01

0.3719E+04 0.6344E-02

0.5009E+02 0.8545E-04
40.49 -1.33 167.43 0.00 -0.03 0.17 0.00 0.2727E-01

9.52 344.71 344.71 0.8120E-02 0.3758E+02 0.6342E-04

0.6151E+04 0.1038E-01

0.3718E+04 0.6275E-02

0.5007E+02 0.8451E-04
40.81 -1.34 167.48 . 0.00 -0.03 0.15 0.00 0.2698E-01

9.38 349.02 349.02 0.8040E-02 0.3568E-I-02 0.5961E-04

0.6149E+04 0.1027E-01

0.3716E+04 0.6209E-02

0.5005E+02 0.8362E-04
41.14 -1.35 167.53 0.00 -0.03 0.14 0.00 0.2671E-01

9.25 353.17 353.17 0.7965E-02 0.3385E+02 0.5600E-04

0.6146E+04 0.1017E-01

0.3715E+04 0.6147E-02

0.5003E+02 0.8279E-04
41.47 -1.36 167.58 0.00 -0.03 0.14 0.00 0.2645E-01

9.13 357.16 357.16 0.7893E-02 0.3208E+02 0.5260E-04

0.6144E+04 0.1007E-01

0.3714E+04 0.6088E-02

0.5002E+02 0.8200E-04
41.80 -1.37 167.62 0.00 -0.03 0.13 0.00 0.2621E-01

9.02 361.00 361.00 0.7826E-02 0.3039E+02 0.4939E-04

0.6142E+04 0.9982E-02

0.3712E+04 0.6033E-02

0.5000E+02 0.8125E-04
42.12 -1.38 167.66 0.00 -0.02 0.12 0.00 0.2598E-01

8.91 364.71 364.71 0.7761E-02 0.2877E+02 0.4637E-04

0.6141E-I-04 0.9894E-02



0.3711E+04 0.5980E-02

0.4998E+02 0.8054E-04
42.45 -1.38 167.70 0.00 -0.02 0.11 0.00 0.2576E-01

8.81 368.28 368.28 0.7700E-02 0.2722E+02 0.4351E-04

0.6139E+04 0.9811E-02

0.3710E+04 0.5930E-02

0.4997E+02 0.7987E-04
42.78 -1.39 167.73 0.00 -0.02 0.11 0.00 0.2555E-01

8.71 371.74 371.74 0.7642E-02 0.2574E+02 0.4082E-04

0.6137E+04 0.9732E-02

0.3709E+04 0.5882E-02

0.4996E+02 0.7922E-04
43.10 -1.40 167.77 0.00 -0.02 0.10 0.00 0.2535E-01

8.62 375.08 375.08 0.7586E-02 0.2432E+02 0.3828E-04

0.6135E+04 0.9657E-02

0.3708E+04 0.5837E-02

0.4994E+02 0.7861E-04
43.43 -1.40 167.80 0.00 -0.02 0.10 0.00 0.2516E-01

8.54 378.32 378.32 0.7533E-02 0.2297E+02 0.3589E-04

0.6134E+04 0.9585E-02

0.3707E+04 0.5793E-02

0.4993E+02 0.7802E-04
43.76 -1.41 167.83 0.00 -0.02 0.09 0.00 0.2498E-01

8.46 381.46 381.46 0.7482E-02 0.2168E-I-02 0.3364E-04

0.6132E+04 0.9516E-02

0.3706E+04 0.5751E-02

0.4992E+02 0.7746E-04
44.08 -1.41 167.86 0.00 -0.01 0.09 0.00 0.2480E-01

8.38 384.51 384.51 0.7433E-02 0.2045E+02 0.3152E-04

0.6131E+04 0.9450E-02

0.3705E+04 0.5711E-02

0.4991E+02 0.7692E-04
44.41 -1.42 167.88 0.00 -0.01 0.08 0.00 0.2463E-01

8.31 387.47 387.47 0.7386E-02 0.1928E+02 0.2953E-04

0.6129E+04 0.9386E-02

0.3705E+04 0.5673E-02

0.4989E-I-02 0.7641E-04
44.74 -1.42 167.91 0.00 -0.01 0.08 0.00 0.2447E-01

8.24 390.35 390.35 0.7341E-02 0.1817E+02 0.2765E-04



0.6128E+04 0.9325E-02

0.3704E+04 0.5636E-02

0.4988E+02 0.7591E-04
45.06 -1.43 167.94 0.00 -0.01 0.08 0.00 0.2432E-01

8.17 393.16 393.16 0.7297E-02 0.1711E+02 0.2588E-04

0.6127E+04 0.9267E-02

0.3703E+04 0.5601E-02

0.4987E+02 0.7543E-04
45.39 -1.43 167.96 0.00 -0.01 0.07 0.00 0.2417E-01

8.10 395.90 395.90 0.7255E-02 0.1611E+02 0.2422E-04

0.6126E+04 0.9210E-02

0.3702E+04 0.5566E-02

0.4986E+02 0.7497E-04
45.72 -1.43 167.98 0.00 0.00 0.07 0.00 0.2402E-01

8.04 398.57 398.57 0.7215E-02 0.1516E+02 0.2266E-04

0.6124E+04 0.9155E-02

0.3702E+04 0.5533E-02

0.4985E+02 0.7452E-04
46.04 -1.43 168.01 0.00 0.00 0.07 0.00 0.2388E-01

7.98 401.18 401.18 0.7176E-02 0.1426E+02 0.2120E-04

0.6123E+04 0.9102E-02

0.3701E+04 0.5501E-02

0.4984E+02 0.7409E-04
46.37 -1.43 168.03 0.00 0.00 0.06 0.00 0.2375E-01

7.93 403.73 403.73 0.7138E-02 0.1340E+02 0.1982E-04

0.6122E+04 0.9051E-02

0.3700E+04 0.5470E-02

0.4983E+02 0.7368E-04
46.70 -1.43 168.05 0.00 0.00 0.06 0.00 0.2362E-01

7.87 406.22 406.22 0.7101E-02 0.1260E+02 0.1852E-04

0.6121E+04 0.9002E-02

0.3700E+04 0.5440E-02

0.4983E+02 0.7327E-04
47.02 -1.43 168.07 0.00 0.00 0.06 0.00 0.2349E-01

7.82 408.66 408.66 0.7065E-02 0.1183E+02 0.1731E-04

0.6120E+04 0.8953E-02

0.3699E+04 0.5411E-02



0.4982E+02 0.7288E-04
47.35 -1.43 168.09 0.00 0.00 0.06 0.00 0.2337E-01

7.77 411.06 411.06 0.7031E-02 0.1111E+02 0.1617E-04

0.6119E+04 0.8907E-02

0.3698E+04 0.5383E-02

0.4981E+02 0.7250E-04
47.68 -1.43 168.11 0.00 0.00 0.06 0.00 0.2325E-01

7.72 413.40 413.40 0.6997E-02 0.1043E+02 0.1510E-04

0.6118E-1-04 0.8861E-02

0.3698E+04 0.5356E-02

0.4980E+02 0.7213E-04
48.00 -1.43 168.12 0.00 0.00 0.05 0.00 0.2313E-01

7.67 415.71 415.71 0.6964E-02 0.9780E+01 0.1410E-04

0.6117E+04 0.8817E-02

0.3697E+04 0.5329E-02

0.4979E+02 0.7177E-04
48.33 -1.43 168.14 0.00 0.00 0.05 0.00 0.2302E-01

7.62 417.97 417.97 0.6932E-02 0.9171E+01 0.1316E-04

0.6116E+04 0.8774E-02

0.3696E+04 0.5303E-02

0.4978E+02 0.7142E-04
48.66 -1.43 168.16 0.00 0.00 0.05 0.00 0.2291E-01

7.57 420.19 420.19 0.6901E-02 0.8597E+01 0.1228E-04

0.6115E+04 0.8733E-02

0.3696E+04 0.5278E-02

0.4978E+02 0.7108E-04
48.99 -1.43 168.18 0.00 0.00 0.05 0.00 0.2280E-01

7.53 422.38 422.38 0.6871E-02 0.8056E+01 0.1145E-04

0.6114E+04 0.8692E-02

0.3695E+04 0.5253E-02

0.4977E+02 0.7075E-04
49.31 -1.43 168.19 0.00 0.00 0.05 0.00 0.2270E-01

7.49 424.53 424.53 0.6842E-02 0.7545E+01 0.1068E-04

0.6113E+04 0.8652E-02

0.3695E+04 0.5229E-02

0.4976E+02 0.7043E-04
49.64 -1.43 168.21 0.00 0.00 0.05 0.00 0.2260E-01

7.45 426.64 426.64 0.6813E-02 0.7065E+01 0.9956E-05

0.6112E+04 0.8613E-02



0.3694E+04 0.5206E-02

0.4975E+02 0.7011E-04
49.97 -1.43 168.22 0.00 0.00 0.05 0.00 0.2250E-01

7.41 428.73 428.73 0.6785E-02 0.6612E+01 0.9278E-05

0.6111E+04 0.8575E-02

0.3694E+04 0.5183E-02

0.4975E+02 0.6980E-04

FALL VELOCITY OF COHESIVE MATERIAL IS
SILT

0.006900 FT/SEC COMPUTED FOR

FALL VELOCITY OF COHESIVE MATERIAL IS
CLAY

0.000191 FT/SEC COMPUTED FOR

TIME FROM CLOUD CENTROID CLOUD X-Z DEPTH OF CLOUD
VERT. T O T A L ENTRAINED TIME STEP WHEN TIME STEP WHEN

DISPOSAL X-LOCATION Z-LOCATION DIAMETER TOP OF CLOUD
THICKNESS M A S S MASS THIS CLOUD PREVIOUS CLOUD

(SEC) (FT) (FT)
(CU FT) (CU FT) WAS CREATED

NEW CLOUD CREATED, NTCLD(K) (K =
31.97 749.2 500.0

0.1000E-02 7.773 O.OOOOE-t-00

NEW CLOUD CREATED, NTCLD(K) (K =
34.96 749.0 500.0

0.1000E-02 19.82 O.OOOOE+00

NEW CLOUD CREATED, NTCLD(K) (K =
37.95 748.8 500.0

0.1000E-02 23.09 O.OOOOE+00

NEW CLOUD CREATED, NTCLD(K) (K =
40.94 748.7 500.0

0.1000E-02 19.65 O.OOOOE+00

NEW CLOUD CREATED, NTCLD(K) (K =
43.93 748.6 500.0

0.1000E-02 13.95 O.OOOOE+00

NEW CLOUD CREATED, NTCLD(K) (K =
46.92 748.6 500.0

0.1000E-02 8.948 O.OOOOE+00

NEW CLOUD CREATED, NTCLD(K) (K =
49.92 748.6 500.0

0.1000E-02 5.382 O.OOOOE+00

NEW CLOUD CREATED, NTCLD(K) (K =
50.12 748.6 500.0

6.680 O.OOOOE+00 1199

(FT) (FT)
WAS CREATED

1) = 1
138.9 170.9

477 400

1) = 2
210.4 170.9

596 477

1) = 3
269.6 170.9

715 596

1) = 4
310.7 170.9

834 715

1) = 5
339.5 170.9

953 834

1) = 6
361.5 170.9

1072 953

1) = 7
379.7 170.9

1191 1072

1) = 8
380.8 163.5
1191

(FT)

7.387



NOTE — When all solid material has settled from a cloud, the cloud
is erased and

the remaining clouds for this solids type are renumbered.

TIME FROM CLOUD CENTROID CLOUD X-Z DEPTH OF CLOUD
VERT. T O T A L ENTRAINED TIME STEP WHEN TIME STEP WHEN

DISPOSAL X-LOCATION Z-LOCATION DIAMETER TOP OF CLOUD
THICKNESS M A S S MASS THIS CLOUD PREVIOUS CLOUD

(SEC) (FT) (FT)
(CU FT) (CU FT) WAS CREATED

NEW CLOUD CREATED, NTCLD(K) (K =
22.99 749.9 500.0

76.78 O.OOOOE+00 120

NEW CLOUD CREATED, NTCLD(K) (K =
25.98 749.7 500.0

70.62 O.OOOOE+00 239

NEW CLOUD CREATED, NTCLD(K) (K =
28.97 749.5 500.0

45.50 O.OOOOE+00 358

NEW CLOUD CREATED, NTCLD(K) (K =
31.97 749.2 500.0

116.8 O.OOOOE+00 477

NEW CLOUD CREATED, NTCLD(K) (K =
34.96 749.0 500.0

98.28 O.OOOOE+00 596

NEW CLOUD CREATED, NTCLD(K) (K =
37.95 748.8 500.0

51.01 O.OOOOE+00 715

NEW CLOUD CREATED, NTCLD(K) (K =
40.94 748.7 500.0

27.14 O.OOOOE+00 834

NEW CLOUD CREATED, NTCLD(K) (K =
43.93 748.6 500.0

16.28 O.OOOOE+00 953

NEW CLOUD CREATED, NTCLD(K) (K =
46.92 748.6 500.0

11.26 O.OOOOE+00 1072

NEW CLOUD CREATED, NTCLD(K) (K =
49.92 748.6 500.0

8.662 O.OOOOE+00 1191

NEW CLOUD CREATED, NTCLD(K) (K =
50.12 748.6 500.0

6112. O.OOOOE+00 1199

(FT) (FT) (FT)
WAS CREATED

2) = 1
56.19 15.86 35.34

1

2) = 2
74.45 51.20 43.99
120

2) = 3
89.42 95.19 36.02
239

2) = 4
138.9 131.2 25.08
400

2) = 5
210.4 156.3 12.77
477

2) = 6
269.6 166.7 4.178
596

2) = 7
310.7 169.1 1.746
715

2) = 8
339.5 169.9 0.9167
834

2) = 9
361.5 170.3 0.5830
953

2) = 10
379.7 170.4 0.4217
1072

2) = 11
380.8 163.5 7.387
1191

NOTE -- When all solid material has settled from a cloud, the cloud



is erased and
the remaining clouds for this solids type are renumbered.

TIME FROM CLOUD CENTROID CLOUD X-Z DEPTH OF CLOUD
VERT. T O T A L ENTRAINED TIME STEP WHEN TIME STEP WHEN

DISPOSAL X-LOCATION Z-LOCATION DIAMETER TOP OF CLOUD
THICKNESS M A S S MASS THIS CLOUD PREVIOUS CLOUD

(SEC) (FT) (FT)
(CU FT) (CU FT) WAS CREATED

NEW CLOUD CREATED, NTCLD(K) (K =
22.99 749.9 500.0

46.40 O.OOOOE+00 120

NEW CLOUD CREATED, NTCLD(K) (K =
25.98 749.7 500.0

42.68 O.OOOOE+00 239

NEW CLOUD CREATED, NTCLD(K) (K =
28.97 749.5 500.0

27.50 O.OOOOE+00 358

NEW CLOUD CREATED, NTCLD(K) (K =
31.97 749.2 500.0

70.58 O.OOOOE+00 477

NEW CLOUD CREATED, NTCLD(K) (K =
34.96 749.0 500.0

59.40 O.OOOOE+00 596

NEW CLOUD CREATED, NTCLD(K) (K =
37.95 748.8 500.0

30.83 O.OOOOE+00 715

NEW CLOUD CREATED, NTCLD(K) (K =
40.94 748.7 500.0

16.40 O.OOOOE+00 834

NEW CLOUD CREATED, NTCLD(K) (K =
43.93 748.6 500.0

9.837 O.OOOOE+00 953

NEW CLOUD CREATED, NTCLD(K) (K =
46.92 748.6 500.0

6.808 O.OOOOE+00 1072

NEW CLOUD CREATED, NTCLD(K) (K =
49.92 748.6 500.0

5.235 O.OOOOE+00 1191

NEW CLOUD CREATED, NTCLD(K) (K =
50.12 748.6 500.0

3694. O.OOOOE+00 1199

(FT)
WAS CREATED

3) = 1
56.19

1

3) = 2
74.45
120

3) = 3
89.42
239

3) = 4
138.9
400

3) = 5
210.4
477

3) = 6
269.6
596

3) = 7
310.7
715

3) = 8
339.5
834

3) = 9
361.5
953

3) = 10
379.7
1072

3) = 11
380.8
1191

(FT)

15.86

51.20

95.19

131.2

156.3

166.7

169.1

169.9

170.3

170.4

163.5

(FT)

35.34

43.99

36.02

25.08

12.77

4.178

1.746

0.9167

0.5830

0.4217

7.387

NOTE -- When all solid material has settled from a cloud, the cloud
is erased and

the remaining clouds for this solids type are renumbered.



TIME FROM CLOUD CENTROID CLOUD X-Z DEPTH OF CLOUD
VERT. T O T A L ENTRAINED TIME STEP WHEN TIME STEP WHEN

DISPOSAL X-LOCATION Z-LOCATION DIAMETER TOP OF CLOUD
THICKNESS M A S S MASS THIS CLOUD PREVIOUS CLOUD

(SEC) (FT) (FT)
(CU FT) (CU FT) WAS CREATED

NEW CLOUD CREATED, NTCLD(K) (K =
22.99 749.9 500.0

0.6249 O.OOOOE+00 120

NEW CLOUD CREATED, NTCLD(K) (K =
25.98 749.7 500.0

0.5749 O.OOOOE+00 239

NEW CLOUD CREATED, NTCLD(K) (K =
28.97 749.5 500.0

0.3704 O.OOOOE+00 358

NEW CLOUD CREATED, NTCLD(K) (K =
31.97 749.2 500.0

0.9505 O.OOOOE+00 477

NEW CLOUD CREATED, NTCLD(K) (K =
34.96 749.0 500.0

0.8000 O.OOOOE+00 596

NEW CLOUD CREATED, NTCLD(K) (K =
37.95 748.8 500.0

0.4152 O.OOOOE+00 715

NEW CLOUD CREATED, NTCLD(K) (K =
40.94 748.7 500.0

0.2210 O.OOOOE+00 834

NEW CLOUD CREATED, NTCLD(K) (K =
43.93 748.6 500.0

0.1325 O.OOOOE+00 953

NEW CLOUD CREATED, NTCLD(K) (K =
46.92 748.6 500.0

0.9167E-01 O.OOOOE+00 1072

NEW CLOUD CREATED, NTCLD(K) (K =
49.92 748.6 500.0

0.7051E-01 O.OOOOE+00 1191

NEW CLOUD CREATED, NTCLD(K) (K =
50.12 748.6 500.0

49.75 O.OOOOE+00 1199

(FT) (FT) (FT)
WAS CREATED

4) = 1
56.19 15.86 35.34

1

4) = 2
74.45 51.20 43.99
120

4) = 3
89.42 95.19 36.02
239

4) = 4
138.9 131.2 25.08
400

4) = 5
210.4 156.3 12.77
477

4) = 6
269.6 166.7 4.178
596

4) = 7
310.7 169.1 1.746
715

4) = 8
339.5 169.9 0.9167
834

4) = 9
361.5 170.3 0.5830
953

4) = 10
379.7 170.4 0.4217
1072

4) = 11
380.8 163.5 7.387
1191

NOTE -- When all solid material has settled from a cloud, the cloud
is erased and

the remaining clouds for this solids type are renumbered.



LONG TERM DIFFUSION RESULTS:

BEGIN LONG TERM SIMULATION OF FATE OF GRAVEL

SUMMARY OF GRAVEL DISTRIBUTIONS AFTER 300.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 0.OOOOOE+00
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 105.30

COMPUTATIONS FOR GRAVEL TERMINATED AT 300.00 SEC. ELAPSED
TIME...MATERIAL SETTLED TO BOTTOM
v

BOTTOM ACCUMULATION OF GRAVEL (CU FT/GRID SQUARE) , 300.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooo
3 OOOO

OOOOO
4 OOOO

OOOOO
5 OOOO

OOOOO
6 OOOO

OOOOO
7 OOOO

OOOOO
8 OOOO

OOOOO
9 OOOO

OOOOO
10 OOOO
OOOOO
11 OOOO
OOOOO
12 OOOO
OOOOO
13 OOOO
OOOOO
14 OOOO
OOOOO
15 OOOO
OOOOO
16 OOOO

OOOOO
17 OOOO
OOOOO
18 OOOO
OOOOO

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

„

.

+

.

.

0

0

0

0

0

0

0

0

0

.

+

+

+

+

+

+

0

0

0

0

0

0

0

0

.

+

+

.04

.15

.22

.13

.03

0

0

0

0

0

0

0

0

.

+

.04

.42

1.6

2.3

1.3

.32

0

0

0

0

0

0

0

0

+

+

.18

1.7

6.5

10

5.7

1.3

0

0

0

0

0

0

0

.

+

.01

.29

2.8

11

16

9.1

2.1

0

0

0

0

0

0

0

0

+

+

.18

1.7

6.5

10

5.7

1.3

0

0

0

0

0

0

0

0

.

+

.04

.42

1.6

2.3

1.3

.32

0

0

0

0

0

0

0

0

.

+

+

.04

.15

.22

.13

.03

0

0

0

0

0

0

0

0

0

.

+

+

+

+

+

+

0

0

0

0

0

0

0

0

0

0

.

.

.

+

.

.

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

+

0

0

0

0

0

0

0

0

0

"*" '

-

0

0

0

0

0

0

0

0

.02 .

-

0

0

0

0

0

0

0

0

.11 .

-

0

0

0

0

0

0

0

0

.19 .

•

0

0

0

0

0

0

0

0

.11 .

•

0

0

0

0

0

0

0

0

.02

-

0

0

0

0

0

0

0

0

+

•

0

0

0

0

0

0

0

0

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

19 OOOO
OOOOO
20 OOOO
OOOOO
21 OOOO
OOOOO
22 OOOO
OOOOO
23 OOOO
OOOOO
24 OOOO
OOOOO
25 OOOO
OOOOO
26 OOOO
OOOOO
27 OOOO
OOOOO
28 OOOO
OOOOO
29 OOOO
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

THICKNESS (FT) OF GRAVEL ACCUMULATED ON BOTTOM, 300.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 0.1000E-02 (LEGEND... + = -LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO

OOOOO
4 OOOO

OOOOO
5 OOOO

OOOOO
6 OOOO

OOOOO
7 OOOO

OOOOO
8 OOOO

OOOOO
9 OOOO

OOOOO
10 OOOO
OOOOO
11 OOOO
OOOOO
12 OOOO
OOOOO
13 OOOO
OOOOO
14 OOOO
OOOOO
15 OOOO
OOOOO

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

•

0

0

0

0

0

0

0

0

0

.

•

+

+

0

0

0

0

0

0

0

0

-

+

+

.02

.09

0

0

0

0

0

0

0

0

-

+

.02

.25

.96

0

0

0

0

0

0

0

0

-

+

.11

1.0

3.9

0

0

0

0

0

0

0

0

-t-

+

.17

1.6

6.3

0

0

0

0

0

0

0

0

•

+

.11

1.0

3.9

0

0

0

0

0

0

0

0

+

.02

.25

.96

0

0

0

0

0

0

0

0

-

+

+
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0

0

0

0
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+

0

0

0

0

0

0

0

0

0

0

•

•

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



16 OOOO 0 0 0 . -i- .13 1.4 5.8 9.3 5.8 1.4 .13 + . 0 0
OOOOO

17 OOOO 0 0 0 . + . 0 7 . 8 3 3 . 4 5 . 4 3 . 4 . 8 3 . 0 7 + . 0 0
OOOOO

18 OOOO 0 0 0 . + .01 .19 .79 1.2 .79 .19 .01 + . 0 0
OOOOO

19 OOOO 0 0 0 0 . + .01 .07 .11 .07 .01 + . 0 0 0
OOOOO

2 0 OOOO O O O O . . + + + + + . . 0 0 0

OOOOO
2 1 OOOO 0 0 0 0 0 0 O O O O O

OOOOO
2 2 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 3 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 4 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 5 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 6 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 7 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
30

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

BEGIN LONG TERM SIMULATION OF FATE OF SAND

SUMMARY OF SAND DISTRIBUTIONS AFTER 300.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 237.50
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 6395.4

SUMMARY OF SAND DISTRIBUTIONS AFTER 600.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 147.65
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 6485.3

SUMMARY OF SAND DISTRIBUTIONS AFTER 900.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 86.923
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 6546.0



MAX CONG IS 0.00000001 OUTPUT SUPPRESSED AT 50.00 FT
v

CONCENTRATIONS ABOVE BACKGROUND OF SAND (MG/L) IN THE CLOUD
900.00 SECONDS AFTER DUMP

100.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + =. .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooo
3 OOOO

OOOOO
4 OOOO

OOOOO
5 OOOO

OOOOO
6 OOOO

OOOOO
7 OOOO

OOOOO
8 OOOO

OOOOO
9 OOOO

OOOOO
10 OOOO
OOOOO
11 OOOO
OOOOO
12 OOOO
OOOOO
13 OOOO
OOOOO
14 OOOO
OOOOO
15 OOOO
OOOOO
16 OOOO
OOOOO
17 OOOO
OOOOO
18 OOOO
OOOOO
19 OOOO
OOOOO
20 OOOO
OOOOO
21 OOOO
OOOOO
22 OOOO
OOOOO
23 OOOO
OOOOO
24 OOOO
OOOOO
25 OOOO
OOOOO
26 OOOO
OOOOO

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.

+
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+
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0

0
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0
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0



2 7 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

2 8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

CONCENTRATIONS ABOVE BACKGROUND OF SAND (MG/L) IN THE CLOUD
900.00 SECONDS AFTER DUMP

165.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO

OOOOO
4 OOOO

OOOOO
5 OOOO

OOOOO
6 OOOO

OOOOO
7 OOOO

OOOOO
8 OOOO

OOOOO
9 OOOO

OOOOO
10 OOOO
ooooo
11 OOOO
ooooo
12 OOOO
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BOTTOM ACCUMULATION OF SAND (CU FT/GRID SQUARE) , 900.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO 00 0

OOOOO
4 OOOO . . . . + + + + + + + + + .

.OOOO
5 OOOO . . + + + + + + + + + + + + + .

.0000
6 OOOO - + + + + .01 .02 .03 .03 .03 .02 .01 + + + +•

.OOOO
7 OOOO + + + .01 .04 .08 .14 .18 .20 .18 .14 .08 .04 .01 + +

+OOOO
8 OOOO + + .03 .08 .20 .40 .64 .85 .93 .85 .64 .40 .20 .08 .03 +

+OOOO
9 OOOO + .03 .11 .33 .77 1.5 2.4 3.1 3.5 3.1 2.4 1.5 .77 .33 .11 .03

+OOOO
10 OOOO .02 .10 .36 1.0 2.3 4.6 7.4 10 11 10 7.4 4.6 2.3 1.0 .36 .10
.020OOO
11 OOOO .06 .27 .92 2.6 6.1 12 19 25 28 25 19 12 6.1 2.6 .92 .27
.06OOOO
12 OOOO .13 .57 1.9 5.5 13 25 41 55 60 55 41 25 13 5.5 1.9 .57
.130OOO
13 OOOO .24 1.0 3.4 10 23 45 73 100 113 100 73 45 23 10 3.4 1.0
.2400OO
14 OOOO .35 1.4 5.0 14 33 65 108 157 191 157 108 65 33 14 5.0 1.4
.3500OO
15 OOOO .42 1.7 6.0 17 40 79 131 195 238 195 131 79 40 17 6.0 1.7
.42OOOO
16 OOOO .42 1.7 5.9 17 40 79 130 184 214 184 130 79 40 17 5.9 1.7
.420OOO
17 OOOO .34 1.4 4.9 14 33 64 105 143 160 143 105 64 33 14 4.9 1.4
.34OOOO
18 OOOO .23 .97 3.3 10 22 44 71 95 105 95 71 44 22 10 3.3 .97
.23OOOO
19 OOOO .13 .55 1.8 5.3 13 24 39 53 58 53 39 24 13 5.3 1.8 .55
.130OOO



.03 .10 .30 .72 1.4 2.2 2.9 3.2 2.9 2.2 1.4 .72 .30 .10 .03

+ .02 .08 .19 .37 .59 .78 .86 .78 .59 .37 .19 .08 .02 +

+

+

20 OOOO .06 .25 .88 2.4 5.8 11 18 24 27 24 18 11 5.8 2.4 .88 .25
.060OOO
21 OOOO .02 .09 .34 .96 2.2 4.3 7.0 9.3 10 9.3 7.0 4.3 2.2 .96 .34 .09
. 02OOOO
22 OOOO
+0000
23 OOOO
+OOOO
24 OOOO + + + .01 .04 .08 .13 .17 .18 .17 .13 .08 .04 .01
+OOOO
25 OOOO . + + + + .01 .02 .03 .03 .03 .02 .01 + +
.0000
26 OOOO . . + + + + + + + + + + + + + .
.OOOO
27 OOOO . . . . + + + + + + + + + . ..
.0000
28 OOOO 00 0
OOOOO

2 9 OOOO O O O O 0 0 0
OOOOO
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SMALL CLOUDS AT 900.00 SECONDS ELAPSED TIME FOR SAND

LOCATION OF CLOUD CENTROID MASS FROM
DEPTH OF CLOUD VERT. SOLIDS "FALL
CLOUD DISTANCE FROM DISPOSAL
TOP OF CLOUD THICKNESS VELOCITY

# TOP OF GRID LEFT OF GRID (CU FT)
(FT) (FT) (FPS)

1
93.65

2
128.7

662.2
68.57
662.3
33.51

500.0
0.100000

500.0
0.100000

58.05

28.87

ENTRAINED CLOUD X-Z

MASS DIAMETER

(CU FT) (FT)

O.OOOOE+00 110.3

O.OOOOE+00 132.8

SUMMARY OF SAND DISTRIBUTIONS AFTER 1200.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 35.999
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 6596.9

SUMMARY OF SAND DISTRIBUTIONS AFTER

TOTAL SUSPENDED MATERIAL (CU FT) =
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) =

1500.00 SEC.

7.7074
6625.2



SUMMARY OF SAND DISTRIBUTIONS AFTER 1800.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = O.OOOOOE+00
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 6632.9

BOTTOM ACCUMULATION OF SAND (CU FT/GRID SQUARE) , 1800.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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3 OOOO 00 0

ooooo
4 OOOO . . . . + + + + -f- + + + + ...

. OOOO
5 OOOO . . + + + + + + + + + + + -!• +

.OOOO
6 OOOO . + + + + .01 .02 .03 .03 .03 .02 .01 + + + •+•

.OOOO
7 OOOO + + + .01 .04 .08 .14 .18 .20 .18 .14 .08 .04 .01 + +

+OOOO
8 OOOO + + .03 .08 .20 .40 .64 .85 .93 .85 .64 .40 .20 .08 .03 +

+OOOO
9 OOOO •+• .03 .11 .33 .77 1.5 2.4 3.2 3.5 3.2 2.4 1.5 .77 .33 .11 .03

+OOOO
10 OOOO .02 .10 .36 1.0 2.3 4.6 7.4 10 11 10 7.4 4.6 2.3 1.0 .36 .10
.02OOOO
11 OOOO .06 .27 .92 2.6 6.1 12 19 26 29 26 19 12 6.1 2.6 .92 .27
.06OOOO
12 OOOO .13 .57 1.9 5.5 13 25 41 57 66 57 41 25 13 5.5 1.9 .57
.130000
13 OOOO .24 1.0 3.4 10 23 45 74 107 129 107 74 45 23 10 3.4 1.0
.24OOOO
14 OOOO .35 1.4 5.0 14 33 65 109 164 206 164 109 65 33 14 5.0 1.4
.35OOOO
15 OOOO .42 1.7 6.0 17 40 79 132 196 242 196 132 79 40 17 6.0 1.7
.42OOOO
16 OOOO .42 1.7 5.9 17 40 79 130 184 214 184 130 79 40 17 5.9 1.7
.420OOO
17 OOOO .34 1.4 4.9 14 33 64 105 143 160 143 105 64 33 14 4.9 1.4
.340OOO
18 OOOO .23 .97 3.3 10 22 44 71 95 105 95 71 44 22 10 3.3 .97
.230OOO
19 OOOO .13 .55 1.8 5.3 13 24 39 53 58 53 39 24 13 5.3 1.8 .55
.130OOO
20 OOOO .06 .25 .88 2.4 5.8 11 18 24 27 24 18 11 5.8 2.4 .88 .25
.06OOOO
21 OOOO .02 .09 .34 .96 2.2 4.3 7.0 9.3 10 9.3 7.0 4.3 2.2 .96 .34 .09
.020OOO
22 OOOO + .03 .10 .30 .72 1.4 2.2 2.9 3.2 2.9 2.2 1.4 .72 .30 .10 .03
+OOOO
23 OOOO + + -02 .08 .19 .37 .59 .78 .86 .78 .59 .37 .19 .08 .02 +
+OOOO
24 OOOO + + + .01 .04 .08 .13 .17 .18 .17 .13 .08 .04 .01 + +
+OOOO
25 OOOO . + + + + .01 .02 .03 .03 .03 .02 .01 + + + +
.OOOO
26 OOOO .. + + + + + + + + + + + + + .
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COMPUTATIONS FOR SAND TERMINATED AT 1800.00 SEC. ELAPSED
TIME...MATERIAL SETTLED TO BOTTOM

BOTTOM ACCUMULATION OF SAND (CU FT/GRID SQUARE) , 1800.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = -LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2
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9 OOOO + .03 .11 .33 .77 1.5 2.4 3.2 3.5 3.2 2.4 1.5 .77 .33 .11 .03

+0000
10 OOOO .02 .10 .36 1.0 2.3 4.6 7.4 10 11 10 7.4 4.6 2.3 1.0 .36 .10
.020OOO
11 OOOO .06 .27 .92 2.6 6.1 12 19 26 29 26 19 12 6.1 2.6 .92 .27
.06000O
12 OOOO .13 .57 1.9 5.5 13 25 41 57 66 57 41 25 13 5.5 1.9 .57
13OOOO
13 OOOO .24 1.0 3.4 10 23 45 74 107 129 107 74 45 23 10 3.4 1.0
.24OOOO
14 OOOO .35 1.4 5.0 14 33 65 109 164 206 164 109 65 33 14 5.0 1.4
.350000
15 OOOO .42 1.7 6.0 17 40 79 132 196 242 196 132 79 40 17 6.0 1.7
.42OOOO
16 OOOO .42 1.7 5.9 17 40 79 130 184 214 184 130 79 40 17 5.9 1.7
.420OOO
17 OOOO .34 1.4 4.9 14 33 64 105 143 160 143 105 64 33 14 4.9 1.4
.340000
18 OOOO .23 .97 3.3 10 22 44 71 95 105 95 71 44 22 10 3.3 .97
.23OOOO
19 OOOO .13 .55 1.8 5.3 13 24 39 53 58 53 39 24 13 5.3 1.8 .55
-13OOOO
20 OOOO .06 .25 .88 2.4 5.8 11 18 24 27 24 18 11 5.8 2.4 .88 .25
.06OOOO



21 OOOO .02 .09 .34 .96 2.2 4.3 7.0 9.3 10 9.3 7.0 4.3 2.2 .96 .34 .09
.020000
22 OOOO + .03 .10 .30 .72 1.4 2.2 2.9 3.2 2.9 2.2 1.4 .72 .30 .10 .03
+OOOO
23 OOOO + + .02 .08 .19 .37 .59 .78 .86 .78 .59 .37 .19 .08 .02 +
+OOOO
24 OOOO + + + .01 .04 .08 .13 .17 .18 .17 .13 .08 .04 .01 + +
+OOOO
25 OOOO . + + + + .01 .02 .03 .03 .03 .02 .01 + + + +
.OOOO
26 OOOO . . + + + + + + + + + + + + + .
.OOOO
27 OOOO . . . . + + + + + + + + + .
.OOOO
28 OOOO 00 0
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THICKNESS (FT) OF SAND ACCUMULATED ON BOTTOM, 1800.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2
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17 OOOO + + + + .02 .04 .06 .09 .10 .09 .06 .04 .02 +
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18 OOOO + + + + .01 .02 .04 .06 .06 .06 .04 .02 .01
+OOOO
19 OOOO . + -i- + + .01 .02 .03 .03 .03 .02 .01 +
.OOOO
20 OOOO . + + + + + .01 .01 .01 .01 .01 + +
.OOOO
21 OOOO . . + + + + + + + + + + +
.OOOO
22 OOOO ... + + + + + + + + + +
.OOOO
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BEGIN LONG TERM SIMULATION OF FATE OF SILT

0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0

0 0 O O O O

0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

SUMMARY OF SILT DISTRIBUTIONS AFTER 300.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 3165.0
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 844.41

SUMMARY OF SILT DISTRIBUTIONS AFTER 600.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 2214.5
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 1794.5

SUMMARY OF SILT DISTRIBUTIONS AFTER 900.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 1348.4
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 2659.6

CONCENTRATIONS ABOVE BACKGROUND OF SILT (MG/L) IN THE CLOUD
900.00 SECONDS AFTER DUMP

50.00 FT BELOW THE WATER SURFACE



...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

OOOOOOOOOOCHX>OOOC«3(X)OOOCKDOO(X)OOOOOOOOC)OCHX)O(X)OOOOOOOOOOOOOCMDOOOOOOOOOOOO
OOOO
3 OOOO

OOOOO
4 OOOO

OOOOO
5 OOOO

OOOOO
6 OOOO

OOOOO
7 OOOO

OOOOO
8 OOOO

OOOOO
9 OOOO

OOOOO
10 OOOO
OOOOO
11 OOOO
OOOOO
12 OOOO
OOOOO
13 OOOO
OOOOO
14 OOOO
OOOOO
15 OOOO
OOOOO
16 OOOO
OOOOO
17 OOOO
OOOOO
18 OOOO
OOOOO
19 OOOO
OOOOO
20 OOOO
OOOOO
21 OOOO
OOOOO
22 OOOO
OOOOO
23 OOOO
OOOOO
24 OOOO
OOOOO
25 OOOO
OOOOO
26 OOOO
OOOOO
27 OOOO
OOOOO
28 OOOO
OOOOO
29 OOOO
OOOOO

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.

.

.

.

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.

+

+

.03

.01

+

.

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

+

.03

.90

4.2

2.4

.19

+

,

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.

+

.55

22

125

69

4.1

.04

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.

+

1.5

70

413

223

12

.12

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.

+

.55

22

125

69

4.1

.04

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

+

.03

.90

4.2

2.4

.19

+

.

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.

+

+

.03

.01

+

.

0

0

0 '

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.

.

.

_

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



30
ooooooooooooooooooooooroooorô
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CONCENTRATIONS ABOVE BACKGROUND OF SILT (MG/L) IN THE CLOUD
900.00 SECONDS AFTER DUMP

100.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooo
3 OOOO

ooooo
4 OOOO

ooooo
5 OOOO

ooooo
6 OOOO

ooooo
7 OOOO

ooooo
8 OOOO

ooooo
9 OOOO

ooooo
10 OOOO
ooooo
11 OOOO
ooooo
12 OOOO
ooooo
13 OOOO
ooooo
14 OOOO
ooooo
15 OOOO
ooooo
16 OOOO
ooooo
17 OOOO
ooooo
18 OOOO
ooooo
19 OOOO
ooooo
20 OOOO
ooooo
21 OOOO
ooooo
22 OOOO
ooooo
23 OOOO
OOOOO
24 OOOO
OOOOO
25 OOOO
OOOOO

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

•

•

•

•

•

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

•

+

+

+

+

+

•

•

0

0

0

0

0

0

0

0

0

0

0

0

0

0

•

+

.01

.16

.47

.33

.05

+

•

0

0

0

0

0

0

0

0

0

0

0

0

0

0

-

.01

.48

5.8

17

12

1.9

.08

+

•

0

0

0

0

0

0

0

0

0

0

0

0

•

+

.08

4.0

54

169

114

17

.67

+

•

0

0

0

0

0

0

0

0

0

0

0

0

•

-t-

.16

8.4

115

375

250

36

1.3

.01

•

0

0

0

0

0

0

0

0

0

0

0

0

-

+

.08

4.0

54

169

114

17

.67

+

•

0

0

0

0

0

0

0

0

0

0

0

0

0

•

.01

.48

5.8

17

12

1.9

.08

+

•

0

0

0

0

0

0

0

0

0

0

0

0

0

-

+

.01

.16

.47

.33

.05

+

•

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

-

+

+

+

+

+

•

•

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

•

•

•

•

-

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

26 OOOO
OOOOO
27 OOOO
OOOOO
28 OOOO
OOOOO
29 OOOO
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

CONCENTRATIONS ABOVE BACKGROUND OF SILT (MG/L) IN THE CLOUD
900.00 SECONDS AFTER DUMP

165.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO

OOOOO
4 OOOO

OOOOO
5 OOOO

OOOOO
6 OOOO

OOOOO
7 OOOO

OOOOO
8 OOOO

OOOOO
9 OOOO

OOOOO
10 OOOO
OOOOO
11 OOOO
OOOOO
12 OOOO
OOOOO
13 OOOO
OOOOO
14 OOOO
OOOOO
15 OOOO
OOOOO
16 OOOO
OOOOO
17 OOOO
OOOOO
18 OOOO
OOOOO
19 OOOO
OOOOO
20 OOOO
OOOOO
21 OOOO
OOOOO

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

+

.

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

+

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.02

+

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.38

.10

.02

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1.1

.28

.05

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

8.4

2.4

.53

.09

.01

0

0

0

0

0

0

0

0

0

0

0

0

0

24

11

3.1

.66

.11

.01

0

0

0

0

0

0

0

0

0

0

0

0

21

18

8.4

2.4

.53

.09

.01

0

0

0

0

0

0

0

0

0

0

0

0

8.4

7.2

3.6

1.1

.28

.05

+

0

0

0

0

0

0

0

0

0

0

0

1.5

2.1

1.9

1.0

.38

.10

.02

+

0

0

0

0

0

0

0

0

0

0

0

.31

.43

.39

.23

.09

.02

+

+

0

0

0

0

0

0

0

0

0

0

.02

.05

.07

.06

.04

.01

+

+

+

0

0

0

0

0

0

0

0

0

+

+

+

+

+

+

+

+

+

.

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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0

0

0

0

0

0
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0

0

0
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0
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

22 OOOO
OOOOO
23 OOOO
OOOOO
24 OOOO
OOOOO
25 OOOO
OOOOO
26 OOOO
OOOOO
27 OOOO
OOOOO
28 OOOO
OOOOO
29 OOOO
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
%/

BOTTOM ACCUMULATION OF SILT (CU FT/GRID SQUARE) , 900.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO . . + + + + + + + + + + + + + .

.0000
4 OOOO + + + + + + .01 .01 .01 .01 .01 + + + + +

+OOOO
5 OOOO. + + + + .01 .02 .04 .05 .05 .05 .04 .02 .01 + + +

+OOOO
6 OOOO •+• + .01 .03 .06 .10 .15 .19 .20 .19 .15 .10 .06 .03 .01 +

+OOOO
7 OOOO + .01 .04 .10 .20 .34 .49 .62 .66 .62 .49 .34 .20 .10 .04 .01

+OOOO
8 OOOO .01 .05 .13 .29 .57 .96 1.4 1.7 1.8 1.7 1.4 .96 .57 .29 .13 .05

.01OOOO
9 OOOO .04 .12 .32 .72 1.4 2.4 3.5 4.3 4.7 4.3 3.5 2.4 1.4 .72 .32 .12

.040OOO
10 OOOO .08 .25 .67 1.5 3.0 5.2 7.6 10 10 10 7.6 5.2 3.0 1.5 .67 .25
.080OOO
11 OOOO .15 .47 1.2 2.9 5.8 10 15 19 20 19 15 10 5.8 2.9 1.2 .47
.150OOO
12 OOOO .24 .75 2.0 4.7 10 17 25 32 34 32 25 17 10 4.7 2.0 .75
.24OOOO
13 OOOO .33 1.0 2.8 6.7 14 24 36 46 50 46 36 24 14 6.7 2.8 1.0
.330OOO
14 OOOO .39 1.2 3.4 8.3 17 30 45 58 63 58 45 30 17 8.3 3.4 1.2
.390000
15 OOOO .40 1.3 3.6 8.8 18 32 49 63 68 63 49 32 18 8.8 3.6 1.3
.4OOOOO
16 OOOO .36 1.1 3.2 7.9 17 30 45 58 63 58 45 30 17 7.9 3.2 1.1
.360OOO
17 OOOO .27 .89 2.5 6.1 13 23 35 45 49 45 35 23 13 6.1 2.5 .89
.27000O
18 OOOO .17 .58 1.6 4.0 8.4 15 23 30 32 30 23 15 8.4 4.0 1.6 .58
.170000



19 OOOO .09 .32 .91 2.2 4.7 8.4 13 17 18 17 13 8 .4 4 .7 2 . 2 . 91 .32
. 0900OO
20 OOOO .04 .15 .43 1.0 2.2 3.9 6.0 7.8 8.5 7.8 6.0 3.9 2.2 1.0 .43 .15
. 04OOOO
21 OOOO .01 .06 .17 .42 .89 1.5 2.4 3.1 3.3 3.1 2.4 1.5 .89 .42 .17 .06
. 01OOOO
22 OOOO + .02 .06 .14 .30 .54 .82 1.0 1.1 1.0 .82 .54 .30 .14 .06 .02
+OOOO
23 OOOO
+OOOO
24 OOOO
+OOOO
25 OOOO ^
+OOOO
26 OOOO
.OOOO
27 OOOO
.OOOO
28 OOOO
OOOOO
29 OOOO
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

+ .01 .04 .08 .15 .23 .30 .32 .30 .23 .15 .08 .04 .01

+ + .01 .02 .03 .05 .07 .08 .07 .05 .03 .02 .01 +

+ + + + + .01 .01 .01 .01 .01 + + + +

0 0

SMALL CLOUDS AT 900.00 SECONDS ELAPSED TIME FOR SILT

LOCATION OF CLOUD CENTROID MASS FROM
DEPTH OF CLOUD VERT. SOLIDS FALL
CLOUD DISTANCE FROM DISPOSAL
TOP OF CLOUD THICKNESS VELOCITY

# TOP OF GRID LEFT OF GRID (CU FT)
(FT) (FT) (FPS)

500.0
0.170634E-03

500.0
0.125352E-03

500.0
0.111544E-03

500.0
0.142947E-03

500.0
0.157115E-03

500.0
0.158444E-03

500.a
0.148273E-03

500.0
0.118691E-03

500.0
0.942961E-04

500.0
0.768692E-04

500.0
0.690000E-02

ENTRAINED CLOUD X-Z

MASS DIAMETER

(CU FT) (FT)

1
6.630

2
41.57

3
85.50

4
121.6

5
146.7

6
157.1

7
159.9

8
161.2

9
161.5

10
161.7

11
159.7

662.2
90.42
662.3
72.00
662.3
39.32
662.4
39.85
662.5
15.17
662.6
5.126
662.8
2.343
663.0
1.140
663.3

0.8197
663.6

0.6642
663.6
2.651

46.40

42.68

27.50

70.58

59.40

29.57

14.82

8.258

5.331

3.826

1040.

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

110.3

132.8

150.8

208.6

289.4

354.5

399.2

430.2

453.6

472.9

474.1



SUMMARY OF SILT DISTRIBUTIONS AFTER 1200.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 608.09
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 3398.4

SUMMARY OF SILT DISTRIBUTIONS AFTER 1500.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 307.03
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 3698.4

SUMMARY OF SILT DISTRIBUTIONS AFTER 1800.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 306.64
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 3698.7

CONCENTRATIONS ABOVE BACKGROUND OF SILT (MG/L) IN THE CLOUD
1800.00 SECONDS AFTER DUMP

50.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooo

3 OOOO
OOOOO
4 OOOO

OOOOO
5 OOOO

OOOOO
6 OOOO

OOOOO
7 OOOO

OOOOO
8 OOOO

OOOOO
9 OOOO

OOOOO
10 OOOO
OOOOO
11 OOOO
OOOOO
12 OOOO
OOOOO
13 OOOO
OOOOO
14 OOOO
OOOOO
15 OOOO

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0 0 0

0 0 0

0 0 0

0 0 0

0 0

0 . +

+

+ .02

+ .09

+ .20

+ .19

+ .08

+ .01

0

0

0

0

r

+

.03

.33

1.6

3.6

3.4

1.4

.26

0

0

0

.

+

.01

.23

2.6

14

31

30

12

2.0

0

0

0
_

+

.03

.78

9.3

51

119

113

44

7.3

0

0

0

f

+

.04

1.1

14

80

187

178

69

11

0

0

0

.

+

.03

.78

9.3

51

119

113

44

7.3

0

0

0

.

+

.01

.23

2.6

14

31

30

12

2.0

0

0

0

0

.

+

.03

.33

1.6

3.6

3.4

1.4

.26

0 0

0 0

0 0

0 0

0

+

+

.02 +

.09 +

.20 +

.19 +

.08 +

.01 +

0 0

0 0

0 0

0 0

0 0

0 0

0

0

0

0

0

0

0



ooooo
16 OOOO 0 0 0 . + .02 .17 .57 .86 .57 .17 .02 + . 0 0

OOOOO
1 7 OOOO 0 0 0 . . + + . 0 2 . 0 3 . 0 2 + + . 0 0

OOOOO
1 8 OOOO O O O O . . + + + + + . . 0 0 0

OOOOO
1 9 OOOO 0 0 0 0 0 0 O O O O O

OOOOO
2 0 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 1 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 2 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 3 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 4 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 5 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 6 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 7 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
30

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

CONCENTRATIONS ABOVE BACKGROUND OF SILT (MG/L) IN THE CLOUD
1800.00 SECONDS AFTER DUMP

100.00 FT BELOW THE WATER SURFACE
.. .MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO

OOOOO
4 OOOO

OOOOO
5 OOOO

OOOOO
6 OOOO

OOOOO
7 OOOO

OOOOO
8 OOOO

OOOOO
9 OOOO

OOOOO
10 OOOO
OOOOO
11 OOOO

0

0

0

0

0

0

„

.

0

0

0

0

0

0

.

.

+

0

0

0

0

0

.

+

+

+

0

0

0

0

0

+

+

.01

.03

0

0

0

0

0

+

.02

.14

.45

0

0

0

0

+

.02

.19

1.1

3.8

0

0

0

0

+

.08

.88

5.5

19

0

0

0

+

.01

.20

2.2

14

50

0

0

,

+

.01

.27

3.0

20

70

0

0

.

+

.01

.20

2.2

14

50

0

„

.

+

+

.08

.88

5.5

19

0

0

.

+

+

.02

.19

1.1

3.8

0 0

0 0

0

.

+

+ +

.02 +

.14 .01

.45 .03

0 0

0 0

0 0

0 0

0

.

+

+

+ +



ooooo
12 OOOO . + + .05 .80 7.0 35 93 130 93 35 7.0 .80 .05 + +
OOOOO
13 OOOO . + + .05 .77 6.8 34 90 126 90 34 6.8 .77 .05 + +
OOOOO
14 OOOO . + + .03 .41 3.5 17 45 63 45 17 3.5 .41 .03 + +
OOOOO
15 OOOO . . + .01 .12 .98 4.6 12 17 12 4.6 .98 .12 .01 +
OOOOO
16 OOOO 0 . + + .02 .15 .70 1.7 2.4 1.7 .70 .15 .02 + +
OOOOO
17 OOOO 0 . . + + .01 .06 .15 .20 .15 .06 .01 + + . .
OOOOO
18 OOOO 00. . + + + +.01 + + + +. .0
OOOOO
19 OOOO 0 0 0 . . + + + + + + + . .00
OOOOO

2 0 OOOO O O O O 0 0 0
OOOOO

2 1 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 2 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 3 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 4 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 5 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 6 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 7 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

CONCENTRATIONS ABOVE BACKGROUND OF SILT (MG/L) IN THE CLOUD
1800.00 SECONDS AFTER DUMP

165.00 FT BELOW THE WATER SURFACE
.. .MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO

OOOOO
4 OOOO

OOOOO
5 OOOO

OOOOO
6 OOOO

OOOOO
7 OOOO

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



ooooo
8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
1 0 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
1 1 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +

ooooo
1 2 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 + + +

ooooo
1 3 OOOO 0 0 0 0 0 0 0 0 0 0 0 . 1 8 . 0 4 + + +
ooooo
14 OOOO 0 0 0 0 0 0 0 0 0.53.30.12.03 + +
ooooo
15 OOOO 0 0 0 0 0 0 0 0 .30 .25 .14 .05 .01 + +
ooooo
16 OOOO 0 0 0 0 0 0 0 .08 .09 .08 .04 .01 + + +
OOOOO
17 OOOO 0 0 0 0 0 + .01 .01 .02 .01 .01 + + +
OOOOO
18 OOOO 0 0 0 0 + + + + + + + + + . .0
ooooo
19 OOOO 0 0 0 . . . + + + + + . . .00
ooooo

2 0 OOOO O O O O 0 0 0
ooooo

2 1 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

2 2 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

2 3 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

2 4 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

2 5 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

2 6 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

2 7 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

2 8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

BOTTOM ACCUMULATION OF SILT (CU FT/GRID SQUARE) , 1800.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

3 OOOO + + + + .01 .02 .03 .03 .04 .03 .03 .02 .01 + + +
+OOOO

4 OOOO + + .01 .03 .05 .07 .10 .12 .12 .12 .10 .07 .05 .03 .01 +



+OOOO
5 OOOO + .02 .04 .08 .14 .21 .28 .34 .36 .34 .28 .21 .14 .08 .04 .02

+OOOO
6 OOOO .02 .05 .11 .21 .37 .56 .76 .91 .96 .91 .76 .56 .37 .21 .11 .05

.02OOOO
7 OOOO .05 .12 .26 .50 .87 1.3 1.8 2.2 2.3 2.2 1.8 1.3 .87 .50 .26 .12

.05OOOO
8 OOOO .10 .25 .55 1.0 1.9 2.9 4.0 4.9 5.2 4.9 4.0 2.9 1.9 1.0 .55 .25

.lOOOOO
9 OOOO .18.47 1.0 2.13.7 5.9 8.2 10 11 10 8.2 5.9 3.7 2.1 1.0.47

.18OOOO
10 OOOO .31 .80 1.8 3.7 6.7 11 15 19 20 19 15 11 6.7 3.7 1.8 .80
.31OOOO
11 OOOO .47 1.2 2.9 6.0 11 18 25 31 34 31 25 18 11 6.0 2.9 1.2
.47OOOO
12 OOOO .65 1.7 4.1 8.6 16 27 38 47 51 47 38 27 16 8.6 4.1 1.7
.65OOOO
13 OOOO .78 2.1 5.1 11 21 35 51 64 69 64 51 35 21 11 5.1 2.1
.78OOOO
14 OOOO .85 2.3 5.7 13 25 41 60 76 82 76 60 41 25 13 5.7 2.3
.85OOOO
15 OOOO .81 2.2 5.7 13 25 42 62 79 85 79 62 42 25 13 5.7 2.2
.81OOOO
16 OOOO .67 1.9 4.9 11 22 38 55 70 76 70 55 38 22 11 4.9 1.9
.67OOOO
17 OOOO .49 1.4 3.6 8.3 17 29 42 54 58 54 42 29 17 8.3 3.6 1.4
.49OOOO
18 OOOO .31 .91 2.3 5.4 11 19 28 35 38 35 28 19 11 5.4 2.3 .91
.31OOOO
19 OOOO .17 .51 1.3 3.0 6.0 10 16 20 21 20 16 10 6.0 3.0 1.3 .51
.1700OO
20 OOOO .08 .24 .63 1.4 2.8 4.9 7.3 9.3 10 9.3 7.3 4.9 2.8 1.4 .63 .24
.08OOOO
21 OOOO .03 .10 .26 .59 1.1 2.0 3.0 3.8 4.1 3.8 3.0 2.0 1.1 .59 .26 .10
.03OOOO
22 OOOO .01 .03 .09 .21 .41 .71 1.0 1.3 1.4 1.3 1.0 .71 .41 .21 .09 .03
.01OOOO
23 OOOO + .01 .02 .06 .12 .21 .31 .39 .42 .39 .31 .21 .12 .06 .02 .01
+OOOO
24 OOOO + + + .01 .03 .05 .08 .10 .11 .10 .08 .05 .03 .01 + +
+OOOO
25 OOOO + + + + + .01 .01 .02 .02 .02 .01 .01 + + + +
+OOOO
26 OOOO . + + + + + + + + + + + + + + +
.OOOO
27 OOOO ... + + + + + + + + + + + ..
.OOOO
28 OOOO + + + + +
.OOOO
29 OOOO 0
00000
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

SMALL CLOUDS AT 1800.00 SECONDS ELAPSED TIME FOR SILT

LOCATION OF CLOUD CENTROID MASS FROM ENTRAINED CLOUD X-Z
DEPTH OF CLOUD VERT. SOLIDS FALL
CLOUD DISTANCE FROM DISPOSAL MASS DIAMETER



TOP OF CLOUD THICKNESS VELOCITY
# TOP OF GRID LEFT OF GRID (CU FT)

(FT) (FT) (FPS)
(CU FT) (FT)

1
O.OOOOE+00

2
31.03

3
74.95

4
111.1

5
136.2

6
146.6

7
149.4

8
150.6

9
151.3
10

151.5

572.2
92.74
572.3
74.33
572.3
41.65
572.4
41.46
572.5
16.63
572.6
6.203
572.8
3.436
573.0
2.238
573.3
1.544
573.6
1.397

500.0
0.570657E-04
500.0

0.503009E-04
500.0

0.480908E-04
500.0

0.653723E-04
500.0

0.770702E-04
500.0

0.739218E-04
500.0

0.584563E-04
500.0

0.486567E-04
500.0

0.388309E-04
500.0

0.340000E-04

46.40

42.68

27.50

70.58

59.20

29.12

14.46

7.920

5.107

3.672

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

177.8

204.2

225.0

290.6

380.1

451.2

499.6

533.0

558.2

578.8

SUMMARY OF SILT DISTRIBUTIONS AFTER

TOTAL SUSPENDED MATERIAL (CU FT) =
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) =

2100.00 SEC.

306.33
3699.0

SUMMARY OF SILT DISTRIBUTIONS AFTER

TOTAL SUSPENDED MATERIAL (CU FT) =
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) =

2400.00 SEC.

306.08
3699.3

SUMMARY OF SILT DISTRIBUTIONS AFTER

TOTAL SUSPENDED MATERIAL (CU FT) =
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) =

2700.00 SEC.

305.86

CONCENTRATIONS ABOVE BACKGROUND OF SILT
2700.00 SECONDS AFTER DUMP

3699.5

(MG/L) IN THE CLOUD

50.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = -LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2



OOOOOOOOOCXX)OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCXX)OOOOOOOCX)OOOOOOOOOOOOOOO
oooo
3 OOOO 0 0 0 . . + + + + + + + . .00

ooooo
4 OOOO 00. + + + +.01 + + + + . .0

ooooo
5 OOOO 0 . + + + .02 .06 .11 .13 .11 .06 .02 + + +

ooooo
6 OOOO . . + + .04 .18 .50 .93 1.1 .93 .50 .18 .04 + +

.OOOO
7 OOOO . + + .03 .23 .99 2.8 5.2 6.5 5-2 2.8 .99 .23 .03 + +

.OOOO
8 OOOO . + .01 .13 .85 3.6 11 20 25 20 11 3.6 .85 .13 .01 +

.OOOO
9 OOOO + + .03 .32 2.0 9.0 26 51 63 51 26 9.0 2.0 .32 .03 +

+OOOO
10 OOOO + + .05 .52 3.3 15 43 83 104 83 43 15 3.3 .52 .05 +
+OOOO
11 OOOO + + .05 .55 3.5 16 46 89 110 89 46 16 3.5 .55 .05 +
+OOOO
12 OOOO + + .04 .38 2.5 11 32 61 76 61 32 11 2.5 .38 .04 +
+OOOO
13 OOOO . + .02 .18 1.1 4.9 14 27 34 27 14 4.9 1.1 .18 .02 +
. OOOO
14 OOOO . + +.05.351.54.28.0 10 8.04.21.5.35.05 + +
.OOOO
15 OOOO . + + .01 .07 .30 .86 1.6 1.9 1.6 .86 .30 .07 .01 + +
.OOOO
16 OOOO 0 . -v -v .01 .04 .11 .21 .26 .21 .11 .04 .01 + +
OOOOO
17 OOOO 0 . . + + + .01 .02 .02 .02 .01 + + +
OOOOO
18 'OOOO 00. . . + + + + + + + . . .0
OOOOO

1 9 OOOO O O O O 0 0 0
ooooo
2 0 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 1 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 2 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 3 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 4 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 5 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 6 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 7 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
28 OOOO 00 0 0 0 0 0 0 0 0 0 0 0 00 0
ooooo
2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

CONCENTRATIONS ABOVE BACKGROUND OF SILT (MG/L) IN THE CLOUD



2700.00 SECONDS AFTER DUMP

100.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = -LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooo
3 OOOO

.OOOO
4 OOOO

.OOOO
5 OOOO

+OOOO
6 OOOO

+OOOO
7 OOOO

+OOOO
8 OOOO

+OOOO
9 OOOO

+OOOO
10 OOOO
+OOOO
11 OOOO
+OOOO
12 OOOO
+OOOO
13 OOOO
+0000
14 OOOO
+OOOO
15 OOOO
+OOOO
16 OOOO
+OOOO
17 OOOO
+OOOO
18 OOOO
.OOOO
19 OOOO
.0000
20 OOOO
OOOOO
21 OOOO
OOOOO
22 OOOO
OOOOO
23 OOOO
OOOOO
24 OOOO
OOOOO
25 OOOO
OOOOO
26 OOOO
OOOOO
27 OOOO
OOOOO
28 OOOO

0 0

0 0

0 0

0 0

0 0

0 0

+ .04

+ .05

+ .05

+ .04

+ .02

+ .01

+ +

+ +

+ +

+

.

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0

0

0

0

0

.11

.19

.26

.27

.21

.13

.06

.02

+

+

+

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.45

.80

1.1

1.1

.91

.55

.26

.10

.03

+

+

+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1.5

2.8

3.9

4.0

3.1

1.8

.86

.31

.09

.02

+

+

0

0

0

0

0

0

0

0

0

0

0

0

0

1.6

4.1

7.8

11

12

9.0

5.1

2.2

.78

.22

.05

.01

+

0

0

0

0

0

0

0

0

0

0

0

0

0

3.4

8.7

17

25

26

20

11

4.6

1.5

.42

.09

.01

+

0

0

0

0

0

0

0

0

0

0

0

0

1.6

5.3

14

28

40

42

32

18

7.2

2.3

.62

.14

.02

+

0

0

0

0

0

0

0

0

0

0

0

.46

1.8

6.2

16

32

47

49

37

21

8.4

2.7

.71

.15

.03

+

0

0

0

0

0

0

0

0

0

0

0

.40

1.6

5.3

14

28

40

42

32

18

7.2

2.3

.62

.14

.02

+

0

0

0

0

0

0

0

0

0

0

.06

.27

1.0

3.4

8.7

17

25

26

20

11

4.6

1.5

.42

.09

.01

+

0

0

0

0

0

0

0

0

0

.03

.14

.55

1.6

4.1

7.8

11

12

9.0

5.1

2.2

.78

.22

.05

.01

+

0

0

0

0

0

0

0

0

0

.01

.06

.22

.65

1.5

2.8

3.9

4.0

3.1

1.8

.86

.31

.09

.02

+

+

0

0

0

0

0

0

0

0

0

*
.02

.07

.20

.45

.80

1.1

1.1

.91

.55

.26

.10

.03

+

+

+.

0

0

0

0

0

0

0

0

0

*
+

.02

.05

.11

.19

.26

.27

.21

.13

.06

.02

+

+

+

+

0

0

0

0

0

0

0

0

0

;
+

+

.01

.02

.04

.05

.05

.04

.02

.01

+

+

+

+

.

0

0

0

0

0

0

0

0

0



ooooo
2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
30
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0000

MAX CONC IS 0.00000000 OUTPUT SUPPRESSED AT 165.00 FT

BOTTOM ACCUMULATION OF SILT (CU FT/GRID SQUARE) , 2700.00 SECONDS
AFTER DUMP

...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND.. . + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)

M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20

2
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO + + + + .01 .02 .03 .03 .04 .03 .03 .02 .01 + + +

+OOOO
4 OOOO + + .01 .03 .05 .07 .10 .12 .12 .12 .10 .07 .05 .03 .01 +

+OOOO
5 OOOO + .02 .04 .08 .14 .21 .29 .34 .36 .34 .29 .21 .14 .08 .04 .02

+OOOO
6 OOOO .02 .05 .11 .21 .37 .56 .76 .91 .97 .91 .76 .56 .37 .21 .11 .05

.02OOOO
7 OOOO .05 .12 .26 .50 .87 1.3 1.8 2.2 2.3 2.2 1.8 1.3 .87 .50 .26 .12

.05OOOO
8 OOOO .10 .25 .55 1.0 1.9 2.9 4.0 4.9 5.2 4.9 4.0 2.9 1.9 1.0 .55 .25

.1OOOOO
9 OOOO .19 .47 1.0 2.1 3.7 5.9 8.2 10 11 10 8.2 5.9 3.7 2.1 1.0 .47

.19OOOO
10 OOOO .31 .80 1.8 3.7 6.7 11 15 19 20 19 15 11 6.7 3.7 1.8 .80
-31OOOO
11 OOOO .48 1.2 2.9 6.0 11 18 25 31 34 31 25 18 11 6.0 2.9 1.2
.48OOOO
12 OOOO .65 1.7 4.1 8.6 16 27 38 47 51 47 38 27 16 8.6 4.1 1.7
.65OOOO
13 OOOO .78 2.1 5.1 11 21 35 51 64 69 64 51 35 21 11 5.1 2.1
.78OOOO
14 OOOO .85 2.3 5.8 13 25 41 60 76 82 76 60 41 25 13 5.8 2.3
.850OOO
15 OOOO .81 2.2 5.7 13 25 42 62 79 85 79 62 42 25 13 5.7 2.2
.81OOOO
16 OOOO .67 1.9 4.9 11 22 38 56 70 76 70 56 38 22 11 4.9 1.9
.670OOO
17 OOOO .49 1.4 3.6 8.3 17 29 42 54 58 54 42 29 17 8.3 3.6 1.4
.490OOO
18 OOOO .31 .91 2.3 5.4 11 19 28 35 38 35 28 19 11 5.4 2.3 .91
.3100OO
19 OOOO .17 .51 1.3 3.0 6.0 10 16 20 21 20 16 10 6.0 3.0 1.3 .51
-170OOO
20 OOOO .08 .24 .63 1.4 2.8 4.9 7.3 9.3 10 9.3 7.3 4.9 2.8 1.4 .63 .24
.08OOOO
21 OOOO .03 .10 .26 .59 1.1 2.0 3.03.8 4.1 3.8 3.0 2.0 1.1 .59 .26 .10
.03OOOO
22 OOOO .01 .03 .09 .21 .41 .71 1.0 1.3 1.4 1.3 1.0 .71 .41 .21 .09 .03
.01OOOO
23 OOOO -t- .01 .02 .06 .12 .21 .31 .39 .42 .39 .31 .21 .12 .06 .02 .01
+OOOO
24 OOOO + + + .01 .03 .05 .08 .10 .11 .10 .08 .05 .03 .01 •+• +



+ .01 .01 .02 .02 .02 .01 .01
+OOOO
25 OOOO + + + H
+OOOO
26 OOOO . + + + + + + + + + + + + + + +
.OOOO
27 OOOO . . . + + + + + + + + + + + .
.OOOO
28 OOOO + + + + +
.OOOO
29 OOOO 0
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

SMALL CLOUDS AT 2700.00 SECONDS ELAPSED TIME FOR SILT

LOCATION OF CLOUD CENTROID MASS FROM
DEPTH OF CLOUD VERT. SOLIDS FALL
CLOUD DISTANCE FROM DISPOSAL
TOP OF CLOUD THICKNESS VELOCITY

# TOP OF GRID LEFT OF GRID (CU FT)
(FT) (FT) (FPS)

500.0
0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.414605E-04
500.0

0.484931E-04
500.0

0.450430E-04
500.0

0.360547E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04

1
O . O O O O E + 0 0

2
21.64

3
65.56

4
101.7

5
126.8

6
137.2

7
140.0

8
141.2

9
142.0

10
142.2

482.2
95.07

482.3
76.65
482.3
43.97
482.4
42.82
482.5
17.74
482.6
7.318
482.8
4.561
483.0
3.369
483.3
2.676
483.6
2.530

ENTRAINED CLOUD X-Z

MASS DIAMETER

(CU FT) (FT)

46.40

42.68

27.50

70.52

59.03

28.92

14.32

7.830

5.033

3.617

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

255.8

285.6

308.8

381.4

478.9

555.6

607.4

643.0

669.9

691.8

SUMMARY OF SILT DISTRIBUTIONS AFTER

TOTAL SUSPENDED MATERIAL (CU FT) =
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) =

3000.00 SEC.

305.67
3699.7

SUMMARY OF SILT DISTRIBUTIONS AFTER 3300.00 SEC.



TOTAL SUSPENDED MATERIAL (CU FT) = 305.50
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 3699.8

SUMMARY OF SILT DISTRIBUTIONS AFTER 3600.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 305.35
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 3700.0

v

CONCENTRATIONS ABOVE BACKGROUND OF SILT (MG/L) IN THE CLOUD
3600.00 SECONDS AFTER DUMP

50.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
0000
3 0000 0 0 0 .06 .18 .41 .74 1.0 1.1 1.0 .74 .41 .18 .06 .01 +

+OOOO
4 OOOO + .01 .06 .22 .63 1.4 2.5 3.6 4.1 3.6 2.5 1.4 .63 .22 .06 .01

+OOOO
5 0000 + .03 .17 .61 1.7 4.0 7.2 10 12 10 7.2 4.0 1.7 .61 .17 .03

+OOOO
6 OOOO .01 .08 .37 1.3 3.8 8.8 16 23 26 23 16 8.8 3.8 1.3 .37 .08

.01OOOO
7 OOOO .02 .14 .64 2.3 6.7 16 28 41 46 41 28 16 6.7 2.3 .64 .14

.020OOO
8 OOOO .03 .19 .88 3.1 9.2 21 39 56 64 56 39 21 9.2 3.1 .88 .19

.03OOOO
9 OOOO .03 .21 .95 3.4 10 23 43 61 69 61 43 23 10 3.4 .95 .21

.030OOO
10 OOOO .03 .18 .82 2.9 8.6 20 36 52 59 52 36 20 8.6 2.9 .82 .18
.03000O
11 OOOO .02 .12 .55 2.0 5.8 13 24 35 39 35 24 13 5.8 2.0 .55 .12
.02000O
12 OOOO .01 .06 .30 1.0 3.1 7.1 13 18 21 18 13 7.1 3.1 1.0 .30 .06
.01000O
13 OOOO
+OOOO
14 OOOO
+OOOO
15 OOOO
+OOOO
16 OOOO
+OOOO
17 OOOO
.OOOO
18 OOOO
.OOOO
19 OOOO
OOOOO
20 OOOO
OOOOO
21 OOOO
OOOOO

•f .03

+ .01

+ +

+ +

+

. .

0

0 0

0 0

.13

.04

.01

+

+

.

B

0

0

.46

.15

.04

+

+

+

.

0

0

1.3

.44

.12

.02

+

+

.

0

0

2.9

1.0

.27

.05

.01

+

+

0

0

5.4

1.8

.48

.10

.01

+

+

0

0

7.7

2.5

.68

.14

.02

+

+

0

0

8.6

2.8

.77

.16

.02

+

+

0

0

7.7

2.5

.68

.14

.02

+

+

0

0

5.4

1.8

.48

.10

.01

+

+

0

0

2.9

1.0

.27

.05

.01

+

+

0

0

1.3

.44

.12

.02

+

+

0

0

.46

.15

.04

+

+

+

.

0

0

.13

.04

.01

+

+

f

.

0

0

.03

.01

+

+

+

.

.

0

0



0

0

0

0

0

0

0

0

p

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

22 OOOO
OOOOO
23 OOOO
OOOOO
24 OOOO
OOOOO
25 OOOO
OOOOO
26 OOOO
OOOOO
27 OOOO
OOOOO
28 OOOO
OOOOO
29 OOOO
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

CONCENTRATIONS ABOVE BACKGROUND OF SILT (MG/L) IN THE CLOUD
3600.00 SECONDS AFTER DUMP

100.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO

.04OOOO
4 OOOO

.1OOOOO
5 OOOO

.180OOO
6 OOOO

.290OOO
7 OOOO

.4OOOOO
8 OOOO

.48OOOO
9 OOOO .50 1.4 3.4 7.5 14 24 34 43 47 43 34 24 14 7.5 3.4 1.4

.5OOOOO
10 OOOO .46 1.2 3.1 6.8 13 22 31 39 42 39 31 22 13 6.8 3.1 1.2
.46OOOO
11 OOOO .36 1.0 2.5 5.4 10 17 24 31 33 31 24 17 10 5.4 2.5 1.0
.36OOOO
12 OOOO .25 .71 1.7 3.7 7.0 12 17 21 22 21 17 12 7.0 3.7 1.7 .71
.25000O
13 OOOO .15 .43 1.0 2.2 4.2 6.9 10 12 13 12 10 6.9 4.2 2.2 1.0 .43
.15OOOO
14 OOOO .08 .22 .56 1.1 2.2 3.6 5.1 6.3 6.7 6.3 5.1 3.6 2.2 1.1 .56 .22
.08OOOO
15 OOOO .03 .10 .25 .54 1.0 1.6 2.3 2.8 3.0 2.8 2.3 1.6 1.0 .54 .25 .10
.03OOOO
16 OOOO .01 .04 .10 .22 .40 .65 .93 1.1 1.2 1.1 .93 .65 .40 .22 .10 .04
.010000
IT OOOO + .01 .03 .07 .14 .23 .32 .39 .42 .39 .32 .23 .14 .07 .03 .01
+OOOO

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

3.3

0

0

0

0

0

7.1

0

0

0

0

0

14

0

0

0

0

19

23

0

0

0

0

27

33

0

0

0

24

33

41

0

0

16

25

36

44

0

0

15

24

33

41

0

6.3

12

19

27

33

2.1

4.4

8.2

13

19

23

1.3

2.7

5.0

8.0

11

14

.70

1.4

2.6

4.2

5.9

7.1

.33

.69

1.2

1.9

2.7

3.3

.13

.28

.51

.81

1.1

1.3



+
0

0

0

0

0

0

0

0

0

0

+

0

0

0

0

0

0

0

0

0

0

-t-

0

0

0

0

0

0

0

0

0

0

+ •
0

0

0

0

0

0

0

0

0

0

.01 .

0

0

0

0

0

0

0

0

0

0

.01 .

0

0

0

0

0

0

0

0

0

0

.02 .

0

0

0

0

0

0

0

0

0

0

.03 .

0

0

0

0

0

0

0

0

0

0

.03

0

0

0

0

0

0

0

0

0

0

.03 .

0

0

0

0

0

0

0

0

0

0

.02 .

0

0

0

0

0

0

0

0

0

0

.01 .

0

0

0

0

0

0

0

0

0

0

.01

0

0

0

0

0

0

0

0

0

0

+

0

0

0

0

0

0

0

0

0

0

+

0

0

0

0

0

0

0

0

0

0

+

0

0

0

0

0

0

0

0

0

0

18 OOOO + + .01 .02 .04 .07 .09 .12 .13 .12 .09 .07 .04 .02 .01
+OOOO
19 OOOO
+OOOO
20 OOOO
OOOOO
21 OOOO
OOOOO
22 OOOO
OOOOO
23 OOOO
OOOOO
24 OOOO
OOOOO
25 OOOO
OOOOO
26 OOOO
OOOOO
27 OOOO
OOOOO
28 OOOO
OOOOO
29 OOOO
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

MAX CONC IS 0.00000000 OUTPUT SUPPRESSED AT 165.00 FT

BOTTOM ACCUMULATION OF SILT (CU FT/GRID SQUARE) , 3600.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO + + + .01 .01 .02 .03 .03 .04 .03 .03 .02 .01 .01 + +

+OOOO
4 OOOO + + .01 .03 .05 .07 .10 .12 .12 .12 .10 .07 .05 .03 .01 +

+OOOO
5 OOOO + .02 .04 .08 .14 .21 .29 .34 .37 .34 .29 .21 .14 .08 .04 .02

+OOOO
6 OOOO .02 .05 .11 .21 .37 .56 .76 .91 .97 .91 .76 .56 .37 .21 .11 .05

.02OOOO
7 OOOO .05 .12 .26 .51 .88 1.3 1.8 2.2 2.3 2.2 1.8 1.3 .88 .51 .26 .12

.05OOOO
8 OOOO .10 .25 .55 1.0 1.9 2.9 4.0 4.9 5.2 4.9 4.0 2.9 1.9 1.0 .55 .25

.10OOOO
9 OOOO .19 .47 1.0 2.1 3.7 5.9 8.2 10 11 10 8.2 5.9 3.7 2.1 1.0 .47

.19OOOO
10 OOOO .31 .81 1.8 3.7 6.7 11 15 19 20 19 15 11 6.7 3.7 1.8 .81
.31OOOO
11 OOOO .48 1.2 2.9 6.0 11 18 25 31 34 31 25 18 11 6.0 2.9 1.2
.48OOOO
12 OOOO .65 1.7 4.1 8.6 16 27 38 47 51 47 38 27 16 8.6 4.1 1.7
.65OOOO
13 OOOO .78 2.1 5.1 11 21 35 51 64 69 64 51 35 21 11 5.1 2.1
.78OOOO



14 OOOO .85 2.3 5.8 13 25 41 60 76 82 76 60 41 25 13 5.8 2.3
.8500OO
15 OOOO .81 2.2 5.7 13 25 42 62 79 85 79 62 42 25 13 5.7 2.2
.810000
16 OOOO .67 1.9 4.9 11 22 38 56 70 76 70 56 38 22 11 4.9 1.9
.6700OO
17 OOOO .49 1.4 3.6 8.3 17 29 42 54 58 54 42 29 17 8.3 3.6 1.4
.4900OO
18 OOOO .31 .91 2.3 5.4 11 19 28 35 38 35 28 19 11 5.4 2.3 .91
.31000O
19 OOOO .17 .51 1.3 3.0 6.0 10 16 20 21 20 16 10 6.0 3.0 1.3 .51
.170000
20 OOOO .08 .24 .63 1.4 2.8 4.9 7.3 9.3 10 9.3 7.3 4.9 2.8 1.4 .63 .24
.080000
21 OOOO .03 .10 .26 .59 1.1 2.0 3.0 3.8 4.1 3.8 3.0 2.0 1.1 .59 .26 .10
.03OOOO
22 OOOO .01 .03 .09 .21 .41 .71 1.0 1.3 1.4 1.3 1.0 .71 .41 .21 .09 .03
.0100OO
23 OOOO + .01 .02 .06 .12 .21 .31 .39 .42 .39 .31 .21 .12 .06 .02 .01
+0000
24 OOOO + H
+OOOO
25 OOOO + H
+OOOO
26 OOOO . + + + + + + + + + + + + + + +
.0000
27 OOOO . . . + + + + + + + + + + + .
.0000
28 OOOO + + + + +
.OOOO
29 OOOO 0
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

+ .01 .03 .05 .08 .10 .11 .10 .08 .05 .03 .01

+ + + .01 .01 .02 .02 .02 .01 .01 + +

SMALL CLOUDS AT 3600.00 SECONDS ELAPSED TIME FOR SILT

LOCATION OF CLOUD CENTROID MASS FROM
DEPTH OF CLOUD VERT. SOLIDS FALL
CLOUD DISTANCE FROM DISPOSAL
TOP OF CLOUD THICKNESS VELOCITY

# TOP OF GRID LEFT OF GRID (CU FT)
(FT) (FT) (FPS)

500.0
0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.361234E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

1
O.OOOOE+00

2
7.905

3
51.83

4
87.98

5
113.1

6
123.5

7
126.3

8

392.2
97.39

392.3
78.98
392.3
46.29
392.4
43.95
392.5
18.86
392.6
8.447
392.8
5.693
393.0

ENTRAINED CLOUD X-Z

MASS DIAMETER

(CU FT) (FT)

46.40

42.68

27.50

70.47

58.91

28.80

14.24

7.771

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

343.1

376.0

401.4

480.3

585.3

667.1

722.2

759.9



127.5 4.501 0.340000E-04
9 393.3 500.0 4.985 O.OOOOE+00 788.3

128.6 3.421 0.340000E-04
10 393.6 500.0 3.580 O.OOOOE+00 811.5

128.8 3.275 0.340000E-04
V

BOTTOM ACCUMULATION OF SILT (CU FT/GRID SQUARE) , 3600.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooo
3 OOOO + + + .01 .01 .02 .03 .03 .04 .03 .03 .02 .01 .01 + +

+OOOO
4 0000 + + .01 .03 .05 .07 .10 .12 .12 .12 .10 .07 .05 .03 .01 +

+OOOO
5 OOOO + .02 .04 .08 .14 .21 .29 .34 .37 .34 .29 .21 .14 .08 .04 .02

-t-OOOO
6 OOOO .02 .05 .11 .21 .37 .56 .76 .91 .97 .91 .76 .56 .37 .21 .11 .05

.02OOOO
7 OOOO .05 .12 .26 .51 .88 1.3 1.8 2.2 2.3 2.2 1.8 1.3 .88 .51 .26 .12

.05OOOO
8 OOOO .10 .25 .55 1.0 1.9 2.9 4.0 4.9 5.2 4.9 4.0 2.9 1.9 1.0 .55 .25

.10OOOO
9 OOOO .19.47 1.0 2.13.7 5.9 8.2 10 11 10 8.2 5.9 3.7 2.1 1.0.47

.19OOOO
10 OOOO .31 .81 1.8 3.7 6.7 11 15 19 20 19 15 11 6.7 3.7 1.8 .81
.31OOOO
11 OOOO .48 1.2 2.9 6.0 11 18 25 31 34 31 25 18 11 6.0 2.9 1.2
.48OOOO
12 OOOO .65 1.7 4.1 8.6 16 27 38 47 51 47 38 27 16 8.6 4.1 1.7
.65OOOO
13 OOOO .78 2.1 5.1 11 21 35 51 64 69 64 51 35 21 11 5.1 2.1
.78OOOO
14 OOOO .85 2.3 5.8 13 25 41 60 76 82 76 60 41 25 13 5.8 2.3
.8500OO
15 OOOO .81 2.2 5.7 13 25 42 62 79 85 79 62 42 25 13 5.7 2.2
.81OOOO
16 OOOO .67 1.9 4.9 11 22 38 56 70 76 70 56 38 22 11 4.9 1.9
.67OOOO
17 OOOO .49 1.4 3.6 8.3 17 29 42 54 58 54 42 29 17 8.3 3.6 1.4
.49OOOO
18 OOOO .31 .91 2.3 5.4 11 19 28 35 38 35 28 19 11 5.4 2.3 .91
.31OOOO
19 OOOO .17 .51 1.3 3.0 6.0 10 16 20 21 20 16 10 6.0 3.0 1.3 .51
.170OOO
20 OOOO .08 .24 .63 1.4 2.8 4.9 7.3 9.3 10 9.3 7.3 4.9 2.8 1.4 .63 .24
.0800OO
21 OOOO .03 .10 .26 .59 1.1 2.0 3.0 3.8 4.1 3.8 3.0 2.0 1.1 .59 .26 .10
.03OOOO
22 OOOO .01 .03 .09 .21 .41 .71 1.0 1.3 1.4 1.3 1.0 .71 .41 .21 .09 .03
.0100OO
23 OOOO + .01 .02 .06 .12 .21 .31 .39 .42 .39 .31 .21 .12 .06 .02 .01
+0000
24 OOOO + + + .01 .03 .05 .08 .10 .11 .10 .08 .05 .03 .01 + +
+0000
25 OOOO + + + + + .01 .01 .02 .02 .02 .01 .01 + + + +
+0000



26 OOOO . + + + + + + + + + + + + + + +
.OOOO
27 OOOO . . . + + + + + + + + + + + .
.OOOO
28 OOOO + + + + +
.OOOO
29 OOOO 0
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

THICKNESS (FT) OF SILT ACCUMULATED ON BOTTOM, 3600.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO

.OOOO
4 OOOO + + + + + + + . . . .

.OOOO
5 OOOO . . . + + + + + + + + + + + .

.OOOO
6 OOOO . . + + + + + + + + + + + + +

.OOOO
7 OOOO . + + + + + + + + + + + + + + +

.OOOO
8 OOOO + + 4- + + + + + + + + -I- + + + +

+OOOO
9 OOOO + + + + + + .01 .01 .01 .01 .01 + + + + +

+OOOO
10 OOOO + + + + + .01 .01 .02 .02 .02 .01 .01 + + + +
+OOOO
11 OOOO + + + + .01 .02 .03 .04 .04 .04 .03 .02 .01 + + +
+OOOO
12 OOOO + + + .01 .02 .03 .04 .06 .06 .06 .04 .03 .02 .01 + +
+0000
13 OOOO + + + .01 .02 .04 .06 .08 .08 .08 .06 .04 .02 .01 + +
+OOOO
14 OOOO + + + .01 .03 .05 .07 .09 .10 .09 .07 .05 .03 .01 + +
+OOOO
15 OOOO + + + .01 .03 .05 .08 .10 .11 .10 .08 .05 .03 .01 + +
+OOOO
16 OOOO + + + .01 .02 .04 .07 .09 .09 .09 .07 .04 .02 .01 + +
+OOOO
17 OOOO + + -i- .01 .02 .03 .05 .07 .07 .07 .05 .03 .02 .01 + +
+0000
18 OOOO + + -i- + .01 .02 .03 .04 .04 .04 .03 .02 .01 + + +
+OOOO
19 OOOO + + + + + .01 .02 .02 .02 .02 .02 .01 + + + +
+OOOO
20 OOOO + + + + + + +.01.01.01 + + + + + +
+OOOO
21 OOOO . + + + + + -!- + + + + + + + + +
.OOOO
22 OOOO . . + + + + + + + + + + + + +
.OOOO



23 OOOO
.OOOO
24 OOOO
.OOOO
25 OOOO
OOOOO
26 OOOO
OOOOO
27 OOOO
OOOOO
28 OOOO
OOOOO
29 OOOO
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

BEGIN LONG TERM SIMULATION OF FATE OF CLAY
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0
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SUMMARY OF CLAY DISTRIBUTIONS AFTER 300.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 53.797
TOTAL MATERIAL SETTLED TO BOTTOM (CUFT) = 0.20319

SUMMARY OF CLAY DISTRIBUTIONS AFTER 600.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 53.606
TOTAL MATERIAL SETTLED TO BOTTOM (CUFT) = 0.39345

SUMMARY OF CLAY DISTRIBUTIONS AFTER 900.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 53.458
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 0.54190

v

CONCENTRATIONS ABOVE BACKGROUND OF CLAY (MG/L) IN THE CLOUD
900.00 SECONDS AFTER DUMP

50.00 FT BELOW THE WATER SURFACE
..-MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

OOOOO
4 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



ooooo
5 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
6 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
7 OOOO 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0

ooooo
8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
1 0 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
1 1 OOOO 0 0 0 0 0 0 . . + . . 0 0 0 0 0

ooooo
12 OOOO 0 0 0 0 0 . + .01 .03 .01 + . 0 0 0 0

ooooo
1 3 OOOO 0 0 0 0 0 + . 0 1 . 2 9 . 7 2 . 2 9 . 0 1 + 0 0 0 0

ooooo
14 OOOO 0 0 0 0 . + . 0 7 1 . 1 2 . 8 1 . 1 . 0 7 + . 0 0 0

ooooo
15 OOOO 0 0 0 0 . + .04 .71 1 .7 .71 .04 + . 0 0 0

OOOOO
16 OOOO 0 0 0 0 0 . + . 0 7 . 1 8 . 0 7 + . 0 0 0 0

OOOOO
1 7 OOOO O O O O O . . + + + . . 0 0 0 0

ooooo
1 8 OOOO 0 0 0 0 0 0 0 . . . 0 0 0 0 0 0

ooooo
1 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
2 0 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
2 1 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
2 2 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
2 3 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
2 4 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
2 5 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
2 6 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
2 7 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
2 8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ooooo
30

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

CONCENTRATIONS ABOVE BACKGROUND OF CLAY (MG/L) IN THE CLOUD
900.00 SECONDS AFTER DUMP

100.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
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CONCENTRATIONS ABOVE BACKGROUND OF CLAY (MG/L) IN THE CLOUD
900.00 SECONDS AFTER DUMP

165.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
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BOTTOM ACCUMULATION OF CLAY (CU FT/GRID SQUARE) , 900.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 0.1000E-01 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 34 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
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oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

3 OOOO 0
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5 OOOO . . . + + + + + + + + + + + .
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6 OOOO . + + + + + + + + + + + + + + +

.OOOO
7 OOOO + + + + + + +.01.01.01 + + + + + +

+OOOO
8 OOOO + + + + .01 .01 .02 .03 .03 .03 .02 .01 .01 + + +
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9 OOOO + + + .01 .02 .04 .06 .08 .08 .08 .06 .04 .02 .01 + +

+OOOO
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+OOOO
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15 OOOO + .02 .07 .17 .36 .66 1.0 1.3 1.4 1.3 1.0 .66 .36 .17 .07 .02
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+OOOO
21 OOOO + + + + .01 .03 .05 .06 .07 .06 .05 .03 .01 + + +
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22 OOOO + + + + + .01 .01 .02 .02 .02 .01 .01 + + + +
+OOOO
23 OOOO . + + + + + + + + + + + + + + +
.OOOO
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SMALL CLOUDS AT 900.00 SECONDS ELAPSED TIME FOR CLAY

LOCATION OF CLOUD CENTROID MASS FROM
DEPTH OF CLOUD VERT. SOLIDS FALL
CLOUD DISTANCE FROM DISPOSAL
TOP OF CLOUD THICKNESS VELOCITY

# TOP OF GRID LEFT OF GRID (CU FT)
(FT) (FT) (FPS)

500.0
0.340000E-04

500.0
0.340000E-04

500.0
0.340000E-04

500.0
0.340000E-04

500.0
0.340000E-04
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500.0
0.340000E-04

500.0
0.340000E-04

500.0
0.340000E-04

500.0
0.340000E-04

500.0
0.810023E-04

ENTRAINED CLOUD X-Z

MASS DIAMETER

(CU FT) (FT)

1
5.977

2
41.35

3
85.37

4
121.4

5
146.5

6
157.0

7
159.8

8
161.0

9
161.4

10
161.6

11
153.9

662.2
37.63
662.3
46 .28
662.3
38.31
662.4
27.36
662.5
14.48
662.6
5.288
662.8
2.503
663.0
1.284
663.3

0.9478
663.6

0.7825
663.6
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399.
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472.

474.
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8
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6
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2

2

6

9

1

SUMMARY OF CLAY DISTRIBUTIONS AFTER 1200.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 53.338
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 0.66131



SUMMARY OF CLAY DISTRIBUTIONS AFTER 1500.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 53.241
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 0.75843

SUMMARY OF CLAY DISTRIBUTIONS AFTER 1800.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 53.160
TOTAL MATERIAL SETTLED TO BOTTOM (CUFT) = 0.83899

CONCENTRATIONS ABOVE BACKGROUND OF CLAY (MG/L) IN THE CLOUD
1800.00 SECONDS AFTER DUMP

50.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
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CONCENTRATIONS ABOVE BACKGROUND OF CLAY (MG/L) IN THE CLOUD
1800.00 SECONDS AFTER DUMP

100.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
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ooooo
2 4 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 5 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 6 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 7 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

MAX CONC IS 0.00000000 OUTPUT SUPPRESSED AT 165.00 FT

BOTTOM ACCUMULATION OF CLAY (CU FT/GRID SQUARE) , 1800.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 0.1000E-01 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

3 OOOO + + + + + + + + + + + + + + + +
+OOOO
4 OOOO + + + + + + + + + + + + + + + +

+OOOO
5 OOOO + + + + + .01 .01 .01 .01 .01 .01 .01 + + + +

+OOOO
6 OOOO + + + .01 .01 .02 .03 .03 .03 .03 .03 .02 .01 .01 + +

+OOOO
7 OOOO + + .01 .02 .03 .04 .06 .07 .08 .07 .06 .04 .03 .02 .01 +

+OOOO
8 OOOO + .01 .02 .03 .06 .09 .12 .14 .15 .14 .12 .09 .06 .03 .02 .01

+OOOO
9 OOOO + .01 .03 .06 .11 .16 .22 .27 .28 .27 .22 .16 .11 .06 .03 .01

+OOOO
10 OOOO .01 .02 .05 .10 .18 .27 .38 .46 .49 .46 .38 .27 .18 .10 .05 .02
.01OOOO
11 OOOO .01 .03 .07 .15 .27 .43 .60 .73 .78 .73 .60 .43 .27 .15 .07 .03
.OlOOOO
12 OOOO .01 .04 .10 .21 .38 .61 .86 1.0 1.1 1.0 .86 .61 .38 .21 .10 .04



.0100OO
13 OOOO .02 .05 .12 .26 .48 .79 1.1 1.4 1.5 1.4 1.1 .79 .48 .26 .12 .05
.02000O
14 OOOO .02 .05 .13 .28 .54 .91 1.3 1.6 1.7 1.6 1.3 .91 .54 .28 .13 .05
.020OOO
15 OOOO .02 .05 .13 .28 .54 .92 1.3 1.7 1.8 1.7 1.3 .92 .54 .28 .13 .05
.02OOOO
16 OOOO .01 .04 .11 .24 .47 .81 1.2 1.5 1.6 1.5 1.2 .81 .47 .24 .11 .04
.01OOOO
17 OOOO .01 .03 .08 .18 .36 .62 .92 1.1 1.2 1.1 .92 .62 .36 .18 .08 .03
.01OOOO
18 OOOO + .02 .05 .11 .23 .40 .60 .76 .83 .76 .60 .40 .23 .11 .05 .02
+0000
19 OOOO
+OOOO
20 OOOO
+OOOO
21 OOOO
+OOOO
22 OOOO

-i-OOOO
23 OOOO
+OOOO
24 OOOO
.OOOO
25 OOOO
.0000
26 OOOO
.0000
27 OOOO
OOOOO
28 OOOO
OOOOO
29 OOOO
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

+ .01 .02 .06 .13 .22 .33 .42 .46 .42 .33 .22 .13 .06 .02 .01

+ + .01 .03 .06 .10 .15 .20 .21 .20 .15 .10 .06 .03 .01 +

+ + + .01 .02 .04 .06 .08 .08 .08 .06 .04 .02 .01 + +

+ + + + + .01 .02 .02 .03 .02 .02 .01 + + + +

0

0 0 0 .

O O O O 0 0 0 0 0 0 0 0 0

0 0

0 0 0

SMALL CLOUDS AT 1800.00 SECONDS ELAPSED TIME FOR CLAY

LOCATION OF CLOUD CENTROID MASS FROM
DEPTH OF CLOUD VERT. SOLIDS FALL
CLOUD DISTANCE FROM DISPOSAL
TOP OF CLOUD THICKNESS VELOCITY

# TOP OF GRID LEFT OF GRID (CU FT)
(FT) (FT) (FPS)

500.0 0.6249
0.340000E-04
500.0 0.5749

0.340000E-04
500.0 0.3704

0.340000E-04
500.0 0.9505

0.340000E-04
500.0 0.8000

0.340000E-04
500.0 0.4107

0.340000E-04

1
O . O O O O E + 0 0

2
30.77

3
74.79

4
110.8

5
136.0

6
146.4

572.2
39.95

572.3
48.60
572.3
40.63
572.4
29.68
572.5
16.41
572.6
6.421

ENTRAINED CLOUD X-Z

MASS DIAMETER

(CU FT) (FT)

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

177.8

204.2

225.0

290.6

380.1

451.2



7 572.8 500.0 0.2158 O.OOOOE+00 499.6
149.2 3.636 0.340000E-04

8 573.0 500.0 0.1270 O.OOOOE+00 533.0
150.4 2.417 0.340000E-04

9 573.3 500.0 0.8644E-01 O.OOOOE+00 558.2
151.2 1.693 0.340000E-04
10 573.6 500.0 0.6554E-01 O.OOOOE+00 578.8

151.4 1.528 0.340000E-04
11 573.6 500.0 48.93 O.OOOOE+00 580.1

143.3 9.541 0.503191E-04

SUMMARY OF CLAY DISTRIBUTIONS AFTER 2100.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 53.090
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 0.90834

SUMMARY OF CLAY DISTRIBUTIONS AFTER 2400.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 53.030
TOTAL MATERIAL SETTLED TO BOTTOM (CUFT) = 0.96718

SUMMARY OF CLAY DISTRIBUTIONS AFTER 2700.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 52.976
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 1.0201

CONCENTRATIONS ABOVE BACKGROUND OF CLAY (MG/L) IN THE CLOUD
2700.00 SECONDS AFTER DUMP

50.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooo
3 OOOO 0 0 0 0 0 0 0 0 0

ooooo
4 OOOO 0 0 0 . . . + + + + + . . .00

ooooo
5 OOOO 0 0 . . + + + + + + + + + .. 0

ooooo
6 OOOO 0 . . + + + +.01.01.01 + + + +

ooooo
7 OOOO 0 . . + + .01 .04 .07 .08 .07 .04 .01 + +

ooooo
8 OOOO . . + + .01 .05 .14 .25 .30 .25 .14 .05 .01 + +

.0000



9 OOOO . . + + .03 .12 .32 .57 .69 .57 .32 .12 .03 + +
.OOOO
10 OOOO . . + + .04 .19 .50 .89 1.0 .89 .50 .19 .04 + +
.OOOO
11 OOOO . . + + .05 .20 .53 .95 1.1 .95 .53 .20 .05 + +
.OOOO
12 OOOO . . + + .03 .14 .38 .68 .82 .68 .38 .14 .03 + +
.OOOO
13 OOOO + + .01 .07 .18 .33 .40 .33 .18 .07 .01 + +
.OOOO
14 OOOO 0 . •+• + + .02 .06 .11 .13 .11 .06 .02 + + +
00000
15 OOOO 0 . . + + + .01 .02 .03 .02 .01 + + +
OOOOO
16 OOOO 00. . + + + + + + + + + . .0
OOOOO
17 OOOO 0 0 0 . . . + + + + + . . .00
OOOOO

1 8 OOOO O O O O 0 0 0
OOOOO

1 9 OOOO 0 0 0 0 0 0 0 . . . 0 0 0 0 0 0
OOOOO

2 0 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 1 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 2 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 3 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 4 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 5 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 6 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 7 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OOOOO

30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOQ
V

CONCENTRATIONS ABOVE BACKGROUND OF CLAY (MG/L) IN THE CLOUD
2700.00 SECONDS AFTER DUMP

100.00 FT BELOW THE WATER SURFACE
.. .MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

3 OOOO 0 0 0 0 0 0 0 0 0 0 0 + .
OOOOO

4 OOOO 0 0 0 0 0 0 0 0 0 0 + + + .
.0000



5 OOOO 0 0 0 0 0 0 0 0 + + + + + + +
.0000
6 OOOO 0 0 0 0 0 0 0.02.02.02.01 + + + +

.OOOO
7 OOOO 0 0 0 0 0 .02 .04 .06 .07 .06 .04 .02 + + + +

.0000
8 OOOO 0 0 + + .02 .05 .10 .16 .18 .16 .10 .05 .02 + + +

.OOOO
9 OOOO + + + .01 .03 .09 .19 .30 .35 .30 .19 .09 .03 .01 + +

+OOOO
10 OOOO + + + .01 .05 .13 .27 .42 .49 .42 .27 .13 .05 .01 + +
+OOOO
11 OOOO + + + .01 .05 .14 .28 .44 .51 .44 .28 .14 .05 .01 + +
+OOOO
12 OOOO + + + .01 .04 .11 .22 .34 .39 .34 .22 .11 .04 .01 + +
+OOOO
13 OOOO - + + + .02 .06 .13 .20 .23 .20 .13 .06 .02 + + +
.OOOO
14 OOOO . + + + .01 .03 .06 .09 .10 .09 .06 .03 .01 + + +
.0000
15 OOOO . + + + + .01 .02 .03 .03 .03 .02 .01 + + + +
.OOOO
16 OOOO . . + + + + + +.01 + + + + + + .
.0000
17 OOOO . . . + + + + + + + + + + + .
.OOOO
1 8 OOOO 0 . . . . + + + + + + + . . . .
ooooo
19 OOOO 00 0
ooooo
2 0 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 1 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 2 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 3 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 4 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 5 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 6 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 7 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

MAX CONG IS 0.00000000 OUTPUT SUPPRESSED AT 165.00 FT

BOTTOM ACCUMULATION OF CLAY (CU FT/GRID SQUARE) , 2700.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 0.1000E-01 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18



19 20
2

OOOOOOC)OOOOOOOOOOOOOOOCXDOOC>CKDOOOOC)OOC)OOC)CKXK3OOCK)OOOC>C)OOOOOOOOC)OOO
OOOO
3 OOOO + + + + .01 .01 .01 .01 .02 .01 .01 .01 .01 + + +

+OOOO
4 OOOO + + + .01 .02 .02 .03 .03 .03 .03 .03 .02 .02 .01 + +

+OOOO
5 OOOO + + .01 .02 .03 .04 .05 .06 .06 .06 .05 .04 .03 .02 .01 +

+OOOO
6 OOOO + .01 .02 .04 .05 .07 .09 .10 .11 .10 .09 .07 .05 .04 .02 .01

+OOOO
7 OOOO .01 .02 .04 .06 .09 .12 .15 .18 .18 .18 .15 .12 .09 .06 .04 .02

.OlOOOO
8 OOOO .01 .03 .05 .09 .14 .19 .24 .28 .30 .28 .24 .19 .14 .09 .05 .03

.OlOOOO
9 OOOO .02 .04 .08 .13 .20 .29 .37 .44 .46 .44 .37 .29 .20 .13 .08 .04

.0200OO
10 OOOO .03 .05 .10 .18 .29 .42 .55 .66 .69 .66 .55 .42 .29 .18 .10 .05
. 03OOOO
11 OOOO .03 .07 .13 .24 .39 .58 .79 .94 1.0 .94 .79 .58 .39 .24 .13 .07
.0300OO
12 OOOO .03 .08 .16 .29 .50 .77 1.0 1.2 1.3 1.2 1.0 .77 .50 .29 .16 .08
.03OOOO
13 OOOO .04 .08 .17 .33 .59 .93 1.3 1.6 1.7 1.6 1.3 .93 .59 .33 .17 .08
.040OOO
14 OOOO .03 .08 .18 .35 .64 1.0 1.4 1.8 1.9 1.8 1.4 1.0 .64 .35 .18 .08
.03000O
15 OOOO .03 .07 .16 .33 .62 1.0 1.4 1.8 1.9 1.8 1.4 1.0 .62 .33 .16 .07
.03OOOO
16 OOOO .02 .06 .13 .28 .53 .88 1.2 1.6 1.7 1.6 1.2 .88 .53 .28 .13 .06
.020OOO
17 OOOO .01 .04 .09 .20 .39 .66 .97 1.2 1.3 1.2 .97 .66 .39 .20 .09 .04
.OlOOOO
18 OOOO .01 .02 .06 .13 .25 .43 .63 .80 .87 .80 .63 .43 .25 .13 .06 .02
.OlOOOO
19 OOOO + .01 .03 .07 .14 .24 .35 .45 .48 .45 .35 .24 .14 .07 .03 .01
+OOOO
20 OOOO -t- + .01 .03 .07 .11 .17 .21 .23 .21 .17 .11 .07 .03 .01 +
+OOOO
21 OOOO + + -t- .01 .02 .04 .07 .08 .09 .08 .07 .04 .02 .01 + +
+OOOO
22 OOOO + + + + .01 .01 .02 .03 .03 .03 .02 .01 .01 + + +
+OOOO
23 OOOO + + + + + + +.01.01.01 + + + + + +
+OOOO
24 OOOO . + + + + + + + + + + + + + + +
.OOOO
25 OOOO .. + + + + + + + + + + + + + .
.OOOO
26 OOOO + + + + + + + . . . .
.OOOO
27 OOOO
.OOOO
28 OOOO 0
OOOOO
2 9 OOOO 0 0 0 0 0
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO



SMALL CLOUDS AT 2700.00 SECONDS ELAPSED TIME FOR CLAY

LOCATION OF CLOUD CENTROID MASS FROM
DEPTH OF CLOUD VERT. SOLIDS FALL
CLOUD DISTANCE FROM DISPOSAL
TOP OF CLOUD THICKNESS VELOCITY

# TOP OF GRID LEFT OF GRID (CU FT)
(FT) (FT) (FPS)

ENTRAINED CLOUD X-Z

MASS DIAMETER

(CU FT) (FT)

1
O.OOOOE+00

2
21.38

3
65.40

4
101.5

5
126.6

6
137.0

7
139.8

8
141.1

9
141.8
10

142.0
11

134.0

482.2
42.28
482.3
50.93
482.3
42.96
482.4
32.01
482.5
17.98
482.6
7.554
482.8
4.768
483.0
3.550
483.3
2.826
483.6
2.661
483.6
10.67

500.0
0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.340000E-04
500.0

0.369681E-04

0.6249

0.5749

0.3704

0.9505

0.7995

0.4090

0.2143

0.1258

0.8532E-01

0.6462E-01

48.76

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

255.8

285.6

308.8

381.4

478.9

555.6

607.4

643.0

669.9

691.8

693.2

SUMMARY OF CLAY DISTRIBUTIONS AFTER 3000.00 SEC.

TOTAL SUSPENDED MATERIAL (CU FT) = 52.930
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) = 1.0642

SUMMARY OF CLAY DISTRIBUTIONS AFTER

TOTAL SUSPENDED MATERIAL (CU FT) =
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) =

3300.00 SEC.

52.883
1.1093

SUMMARY OF CLAY DISTRIBUTIONS AFTER

TOTAL SUSPENDED MATERIAL (CU FT) =
TOTAL MATERIAL SETTLED TO BOTTOM (CU FT) =

3600.00 SEC.

52.837
1.1524



CONCENTRATIONS ABOVE BACKGROUND OF CLAY (MG/L) IN THE CLOUD
3600.00 SECONDS AFTER DUMP

50.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooo
3 OOOO 0

.0000
4 OOOO

.OOOO
5 OOOO

.0000
6 OOOO +

+0000
7 OOOO +

+0000
8 OOOO +

+0000
9 OOOO +

+0000
10 OOOO +
+0000
11 OOOO +
+OOOO
12 OOOO +
+OOOO
13 OOOO
.0000
14 OOOO
.0000
15 OOOO
.OOOO
16 OOOO
.OOOO
1 7 OOOO 0
OOOOO
18 OOOO 0
OOOOO
19 OOOO 0
OOOOO
20 OOOO 0
OOOOO
21 OOOO 0
OOOOO
22 OOOO 0
OOOOO
23 OOOO 0
OOOOO
24 OOOO 0
OOOOO
25 OOOO 0
OOOOO
26 OOOO 0
OOOOO
27 OOOO 0
OOOOO

0 0 +

+ + .01

+ + .01

+ + .02

+ + .02

+ + .02

+ + .01

+ + +

+ + +

+ + +

+ +

*

0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

.01

.02

.04

.06

.06

.05

.04

.02

.01

+

+

+

0

0

0

0

0

0

0

0

0

.01

.02

.06

.10

.13

.14

.12

.08

.04

.02

+

+

+

.

0

0

0

0

0

0

0

0

.01

.05

.10

.17

.24

.26

.22

.15

.08

.03

.01

+

+

.

0

0

0

0

0

0

0

0

.02

.07

.14

.25

.33

.36

.31

.21

.12

.05

.01

+

+

_

0

0

0

0

0

0

0

0

.02

.07

.16

.27

.37

.40

.35

.24

.13

.05

.02

+

+

.

0

0

0

0

0

0

0

0

.02

.07

.14

.25

.33

.36

.31

.21

.12

.05

.01

+

+

,

0

0

0

0

0

0

0

0

.01

.05

.10

.17

.24

.26

.22

.15

.08

.03

.01

+

+

.

0

0

0

0

0

0

0

0

.01

.02

.06

.10

.13

.14

.12

.08

.04

.02

+

+

+

.

0

0

0

0

0

0

0

0

.01

.02

.04

.06

.06

.05

.04

.02

.01

+

+

+

0

0

0

0

0

0

0

0

0

-
.01

.01

.02

.02

.02

.01

+

+

+

+

.

0

0

0

0

0

0

0

0

0

+

+

+

+

+

+

+

+

+

+

+

.

0

0

0

0

0

0

0

0

0

0

+
+

+

+

+

+

+

+

+

+

.

.

0

0

0

0

0

0

0

0

0

0



2 8 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

2 9 OOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ooooo

30
OOOOOOC>C>OOOC>OOOCKX)OC<X5OCXDOOOOC>OOC>OC)OOOOOOOOOOOOOO
OOOO

CONCENTRATIONS ABOVE BACKGROUND OF CLAY (MG/L) IN THE CLOUD
3600.00 SECONDS AFTER DUMP

100.00 FT BELOW THE WATER SURFACE
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01

. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

3 OOOO
+OOOO
4 OOOO

+OOOO
5 OOOO

+OOOO
6 OOOO

+OOOO
7 OOOO

+OOOO
8 OOOO

. 010OOO
9 OOOO

.010000
10 OOOO
.010000
11 OOOO
+OOOO
12 OOOO
+OOOO
13 OOOO
+OOOO
14 OOOO
+OOOO
15 OOOO
+OOOO
16 OOOO
+OOOO
17 OOOO
+OOOO
18 OOOO
.OOOO
19 OOOO
.0000
20 OOOO
OOOOO
21 OOOO
OOOOO
22 OOOO
OOOOO
23 OOOO
OOOOO

0

0

0

0

0

0

01

.01

+

+

+

+

+

+

+

.

.

0

0

0

0

0

0

0

0

0

0

. 03

.02

.02

.01

+

+

+

+

+

+

.

0

0

0

0

0

0

0

0

0

.07

.07

.06

.05

.03

.02

.01

+

+

+

+

.

0

0

0

0

0

0

0

0

0

.15

. 15

.14

.11

.08

.04

.02

.01

+

+

+

+

0

0

0

0

0

0

0

0

0

.28

.29

.27

.21

.15

.09

.04

.02

+

+

+

+

0

0

0

0

0

0

0

0

.38

.45

48

.43

.34

.24

.14

.07

.03

.01

+

+

+

0

0

0

0

0

0

0

0

.53

.64

67

.61

.49

.34

.20

.10

.05

.02

+

+

+

0

0

0

0

0

0

0

.47

.65

.79

83

.76

.60

.42

.25

.13

.06

.02

+

+

+

0

0

0

0

0

0

.32

.51

.70

.85

89

.81

.65

.45

.27

.14

.06

.02

+

+

+

0

0

0

0

0

0

.30

.47

.65

.79

83

.76

.60

.42

.25

.13

.06

.02

+

+

+

0

0

0

0

0

.13

.24

.38

.53

.64

.67

.61

.49

.34

.20

.10

.05

.02

+

+

+

0

0

0

0

.04

.09

.17

.27

.38

.45

.48

.43

.34

.24

.14

.07

.03

.01

+

+

+

0

0

0

0

.02

.05

.10

.17

.23

.28

.29

.27

.21

.15

.09

.04

.02

-i-

+

+

+

0

0

0

0

.01

.03

.05

.09

.12

.15

.15

.14

.11

.08

.04

.02

.01

+

+

+

+

0

0

0

0

+

.01

.02

.04

.05

.07

. 07

.06

.05

.03

.02

.01

+

+

+

+

. .

0

0

0

0

+

+

.01

.01

.02

.02

03

.02

.02

.01

+

+

+

+

+

+

.

0

0

0

0



0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

24 OOOO
OOOOO
25 OOOO
OOOOO
26 OOOO
OOOOO
27 OOOO
OOOOO
28 OOOO
OOOOO
29 OOOO
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

MAX CONG IS 0.00000000 OUTPUT SUPPRESSED AT 165.00 FT
v

BOTTOM ACCUMULATION OF CLAY (CU FT/GRID SQUARE) , 3600.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 0.1000E-01 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO + .01 .02 .02 .03 .04 .05 .05 .06 .05 .05 .04 .03 .02 .02 .01

+OOOO
4 OOOO .01 .02 .03 .04 .05 .07 .08 .09 .09 .09 .08 .07 .05 .04 .03 .02

.010OOO
5 OOOO .01 .02 .04 .06 .08 .10 .12 .13 .13 .13 .12 .10 .08 .06 .04 .02

.01OOOO
6 OOOO .02 .04 .06 .08 .11 .14 .17 .19 .20 .19 .17 .14 .11 .08 .06 .04

.02OOOO
7 OOOO .03 .05 .08 .11 .16 .20 .25 .28 .29 .28 .25 .20 .16 .11 .08 .05

.03000O
8 OOOO .03 .06 .10 .15 .21 .28 .35 .40 .41 .40 .35 .28 .21 .15 .10 .06

.030000
9 OOOO .04 .07 .12 .19 .28 .39 .49 .56 .59 .56 .49 .39 .28 .19 .12 .07

.0400OO
10 OOOO .05 .09 .15 .24 .37 .52 .67 .78 .82 .78 .67 .52 .37 .24 .15 .09
.0500OO
11 OOOO .05 .10 .18 .30 .47 .68 .89 1.0 1.1 1.0 .89 .68 .47 .30 .18 .10
.05OOOO
12 OOOO .05 .10 .20 .35 .57 .85 1.1 1.3 1.4 1.3 1.1 .85 .57 .35 .20 .10
.05OOOO
13 OOOO .05 .11 .21 .38 .65 1.0 1.3 1.7 1.8 1.7 1.3 1.0 .65 .38 .21 .11
.0500OO
14 OOOO .05 .10 .20 .39 .68 1.0 1.5 1.9 2.0 1.9 1.5 1.0 .68 .39 .20 .10
.05OOOO
15 OOOO .04 .09 .18 .36 .65 1.0 1.5 1.9 2.0 1.9 1.5 1.0 .65 .36 .18 .09
.04OOOO
16 OOOO .03 .07 .15 .30 .55 .91 1.3 1.6 1.7 1.6 1.3 .91 .55 .30 .15 .07
.03OOOO
17 OOOO .02 .05 .11 .22 .41 .69 1.0 1.2 1.3 1.2 1.0 .69 .41 .22 .11 .05
.020000
18 OOOO .01 .03 .07 .14 .26 .44 .65 .82 .89 .82 .65 .44 .26 .14 .07 .03
.010000
19 OOOO + .01 .04 .08 .15 .25 .36 .46 .49 .46 .36 .25 .15 .08 .04 .01
+OOOO



20 OOOO
+OOOO
21 OOOO
+OOOO
22 OOOO
+OOOO
23 OOOO
+OOOO
24 OOOO
+OOOO
25 OOOO
.OOOO
26 OOOO
.OOOO
27 OOOO
.OOOO
28 OOOO
.OOOO
29 OOOO
.OOOO
30

.02 .04 .07 .12 .17 .22 .23 .22 .17 .12 .07 .04 .02

+ .01 .03 .05 .07 .09 .09 .09 .07 .05 .03 .01 +

+ + .01 .01 .02 .03 .03 .03 .02 .01 .01 + +

+ + + + + .01 .01 .01 + + + + +

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

SMALL CLOUDS AT 3600.00 SECONDS ELAPSED TIME FOR CLAY

LOCATION OF CLOUD CENTROID MASS FROM
DEPTH OF CLOUD VERT. SOLIDS FALL
CLOUD DISTANCE FROM DISPOSAL
TOP OF CLOUD THICKNESS VELOCITY

# TOP
(FT)

1
O . O O O O E + 0 0

2
7.646

3
51.67

4
87.73

5
112.8

6
123.3

7
126.1

8
127.3

9
128.5

10
128.7

11
120.3

OF GRID
(FT)

392.2
44 .60

392.3
53.25
392.3
45.28
392.4
34.33
392.5
19.11
392.6
8.686
392.8
5.901
393.0
4.682
393.3
3.572
393.6
3.406
393.6
11.80

LEFT OF GRID
(FPS)

500.0
0.340000E-04

(CU FT)

0.6249

0.5749500.0
0.340000E-04

500.0 0.3704
0.340000E-04

500.0 0.9505
0.340000E-04

500.0 0.7982
0.340000E-04

500.0
0.340000E-04

0.4075

0.2131500.0
0.340000E-04

500.0 0.1249
0.340000E-04

500.0
0.340000E-04

500.0
0.340000E-04

500.0
0.340000E-04

ENTRAINED

MASS

(CU FT)

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

O.OOOOE+00

0.8454E-01 O.OOOOE+00

0.6400E-01 O.OOOOE+00

48.62 O.OOOOE+00

CLOUD X-Z

DIAMETER

(FT)

343.1

376.0

401.4

480.3

585.3

667.1

722.2

759.9

788.3

811.5

812.9

(CU FT/GRID SQUARE) 3600.00 SECONDSBOTTOM ACCUMULATION OF CLAY
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 0.1000E-01 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)



M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

OOCKDOOOOOOOC>OCKX)OOCK3OOOC«XKDOOCXX>OOOC>OOOOOOCHX>W
OOOO
3 OOOO + .01 .02 .02 .03 .04 .05 .05 .06 .05 .05 .04 .03 .02 .02 .01

+OOOO
4 OOOO .01 .02 .03 .04 .05 .07 .08 .09 .09 .09 .08 .07 .05 .04 .03 .02

.OlOOOO
5 OOOO .01 .02 .04 .06 .08 .10 .12 .13 .13 .13 .12 .10 .08 .06 .04 .02

.OlOOOO
6 OOOO .02 .04 .06 .08 .11 .14 .17 .19 .20 .19 .17 .14 .11 .08 .06 .04

.02OOOO
7 OOOO .03 .05 .08 .11 .16 .20 .25 .28 .29 .28 .25 .20 .16 .11 .08 .05

.03OOOO
8 OOOO .03 .06 .10 .15 .21 .28 .35 .40 .41 .40 .35 .28 .21 .15 .10 .06

.03OOOO
9 OOOO .04 .07 .12 .19 .28 .39 .49 .56 .59 .56 .49 .39 .28 .19 .12 -07

.04OOOO
10 OOOO .05 .09 .15 .24 .37 .52 .67 .78 .82 .78 .67 .52 .37 .24 .15 .09
.05OOOO
11 OOOO .05 .10 .18 .30 .47 .68 .89 1.0 1.1 1.0 .89 .68 .47 .30 .18 .10
.05OOOO
12 OOOO .05 .10 .20 .35 .57 .85 1.1 1.3 1.4 1.3 1.1 .85 .57 .35 .20 .10
.05OOOO
13 OOOO .05 .11 .21 .38 .65 1.0 1.3 1.7 1.8 1.7 1.3 1.0 .65 .38 .21 .11
.05OOOO
14 OOOO .05 .10 .20 .39 .68 1.0 1.5 1.9 2.0 1.9 1.5 1.0 .68 .39 .20 .10
.050000
15 OOOO .04 .09 .18 .36 .65 1.0 1.5 1.9 2.0 1.9 1.5 1.0 .65 .36 .18 .09
.04OOOO
16 OOOO .03 .07 .15 .30 .55 .91 1.3 1.6 1.7 1.6 1.3 .91 .55 .30 .15 .07
.03OOOO
17 OOOO .02 .05 .11 .22 .41 .69 1.0 1.2 1.3 1.2 1.0 .69 .41 .22 .11 .05
.02OOOO
18 OOOO .01 .03 .07 .14 .26 .44 .65 .82 .89 .82 .65 .44 .26 .14 .07 .03
.OlOOOO
19 OOOO + .01 .04 .08 .15 .25 .36 .46 .49 .46 .36 .25 .15 .08 .04 .01
+OOOO
20 OOOO + + .02 .04 .07 .12 .17 .22 .23 .22 .17 .12 .07 .04 .02 +
+OOOO
21 OOOO + + + .01 .03 .05 .07 .09 .09 .09 .07 .05 .03 .01 + +
+OOOO
22 OOOO + + + + .01 .01 .02 .03 .03 .03 .02 .01 .01 + + +
+OOOO
23 OOOO + + + + + + +.01.01.01 + + + + + +
+OOOO
24 OOOO + + + + + + + + + + + + + + + +
+OOOO
25 OOOO . + + + + + + + + + + + + + + +
.OOOO
26 OOOO . . . + + + + + + + + + + + .
.OOOO
27 OOOO
.OOOO
28 OOOO
.0000
29 OOOO
.OOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



oooo
V

THICKNESS (FT) OF CLAY ACCUMULATED ON BOTTOM, 3600.00 SECONDS
AFTER DUMP
...MULTIPLY DISPLAYED VALUES BY 0.1000E-04 (LEGEND... + = -LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooo
3 OOOO .01 .02 .02 .04 .05 .06 .07 .08 .08 .08 .07 .06 .05 .04 .02 .02

.01OOOO
4 OOOO .01 .02 .04 .06 .07 .09 .11 .12 .13 .12 .11 .09 .07 .06 .04 .02

. 010000
5 OOOO .02 .04 .06 .08 .11 .14 .17 .18 .19 .18 .17 .14 .11 .08 .06 .04

. 020000
6 OOOO .03 .05 .08 .12 .16 .20 .24 .27 .28 .27 .24 .20 .16 .12 .08 .05

.03OOOO
7 OOOO .04 .07 .11 .16 .22 .29 .35 .39 .41 .39 .35 .29 .22 .16 .11 .07

.04OOOO
8 OOOO .05 .09 .14 .21 .30 .40 .49 .56 .58 .56 .49 .40 .30 .21 .14 .09

. 05000O
9 OOOO .06 .11 .18 .27 .40 .54 .68 .78 .82 .78 .68 .54 .40 .27 .18 .11

. 06OOOO
10 OOOO .07 .12 .21 .34 .52 .73 .93 1.0 1.1 1.0 .93 .73 .52 .34 .21 .12
.07OOOO
11 OOOO .07 .14 .25 .42 .65 .95 1.2 1.4 1.5 1.4 1.2 .95 .65 .42 .25 .14
. 07OOOO
12 OOOO .08 .15 .28 .49 .79 1.1 1.6 1.9 2.0 1.9 1.6 1.1 .79 .49 .28 .15
. 080000
13 OOOO .07 .15 .29 .53 .91 1.4 1.9 2.3 2.5 2.3 1.9 1.4 .91 .53 .29 .15
. 07OOOO
14 OOOO .07 .14 .29 .54 .96 1.5 2.1 2.6 2.8 2.6 2.1 1.5 .96 .54 .29 .14
.07OOOO
15 OOOO .06 .12 .26 .51 .92 1.4 2.1 2.6 2.8 2.6 2.1 1.4 .92 .51 .26 .12
.06000O
16 OOOO .04 .10 .21 .42 .78 1.2 1.8 2.3 2.5 2.3 1.8 1.2 .78 .42 .21 .10
. 040000
17 OOOO .03 .07 .15 .31 .58 .96 1.4 1.7 1.9 1.7 1.4 .96 .58 .31 .15 .07
.030000
18 OOOO .02 .04 .09 .20 .37 .62 .91 1.1 1.2 1.1 .91 .62 .37 .20 .09 .04
.020000
19 OOOO .01 .02 .05 .11 .21 .35 .51 .64 .69 .64 .51 .35 .21 .11 .05 .02
.010000
20 OOOO + .01 .02 .05 .10 .17 .24 .31 .33 .31 .24 .17 .10 .05 .02 .01
+OOOO
21 OOOO + + .01 .02 .04 .07 .10 .12 .13 .12 .10 .07 .04 .02 .01 +
+0000
22 OOOO + + + + .01 .02 .03 .04 .05 .04 .03 .02 .01 + + +
+0000
23 OOOO + + + + + + .01 .01 .01 .01 .01 + + + + +
+OOOO
24 OOOO + + + + + + + + + + + + + + + +
+OOOO
25 OOOO . + + + + + + + + + + + + + + +
.OOOO
26 OOOO . . . + + + + + + + + + + + .
.OOOO
27 OOOO + + + + +
.OOOO



28 OOOO
. OOOO
29 OOOO .

.OOOO
30

OC)OOOOOC)OOOC)OOOOOOOOOOC)OOOOC«OOCK3OOOOC)OOOOOOOOOC)C)OC)OOCXDOOCKX30OOC>OCK3OOOOO
OOOO

FINAL DISTRIBUTIONS OF TOTAL SETTLED MATERIAL FOLLOW

TOTAL ACCUMULATED SOLID VOLUME ON BOTTOM (CU FT/GRID SQR), 3600.00
SECONDS AFTER DUMP

...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)

M N= 2 3 4 5 6 7 8 . 9 10 11 12 13 14 15 16 17 18
19 20

2
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO
3 OOOO + + + .01 .01 .02 .03 .04 .04 .04 .03 .02 .01 .01 + +

+OOOO
4 OOOO + + .01 .03 .05 .07 .10 .12 .13 .12 .10 .07 .05 .03 .01 +

+OOOO
5 OOOO + .02 .04 .08 .14 .22 .29 .35 .37 .35 .29 .22 .14 .08 .04 .02

+OOOO
6 OOOO .02 .05 ,11 .22 .38 .58 .79 .95 1.0 .95 .79 .58 .38 .22 .11 .05

.0200OO
7 OOOO .05 .12 .27 .53 .92 1.4 1.9 2.4 2.5 2.4 1.9 1.4 .92 .53 .27 .12

.05OOOO
8 OOOO .10 .26 .58 1.1 2.1 3.3 4.7 5.7 6.1 5.7 4.7 3.3 2.1 1.1 .58 .26

.10OOOO
9 OOOO .19 .51 1.1 2.4 4.5 7.4 11 13 14 13 11 7.4 4.5 2.4 1.1 .51

.19000O
10 OOOO .34 .91 2.2 4.7 9.1 15 23 29 31 29 23 15 9.1 4.7 2.2 .91
.3400OO
11 OOOO .54 1.5 3.8 8.6 17 30 45 57 63 57 45 30 17 8.6 3.8 1.5
.54OOOO
12 OOOO .79 2.3 6.0 14 29 52 80 105 117 105 80 52 29 14 6.0 2.3
.7900OO
13 OOOO 1.0 3.1 8.6 21 44 80 125 172 198 172 125 80 44 21 8.6 3.1
1.OOOOO
14 OOOO 1.2 3.8 11 27 58 107 170 242 291 242 170 107 58 27 11 3.8
1.200OO
15 OOOO 1.2 4.0 12 30 65 122 196 282 338 282 196 122 65 30 12 4.0
1.200OO
16 OOOO 1.1 3.6 11 28 62 116 188 264 306 264 188 116 62 28 11 3.6
1.100OO
17 OOOO .84 2.8 8.5 22 49 93 149 203 228 203 149 93 49 22 8.5 2.8
.8400OO
18 OOOO .55 1.8 5.7 15 33 62 99 131 145 131 99 62 33 15 5.7 1.8
.550OOO
19 OOOO .31 1.0 3.2 8.3 19 35 55 72 79 72 55 35 19 8.3 3.2 1.0
.310000
20 OOOO .14 .50 1.5 3.9 8.7 16 26 34 37 34 26 16 8.7 3.9 1.5 .50
.14OOOO
21 OOOO .06 .20 .60 1.5 3.4 6.4 10 13 14 13 10 6.4 3.4 1.5 .60 .20
.060OOO
22 OOOO .02 .06 .20 .52 1.1 2.1 3.2 4.3 4.7 4.3 3.2 2.1 1.1 .52 .20 .06
.02OOOO
23 OOOO + .02 .05 .14 .31 .58 .90 1.1 1.2 1.1 .90 .58 .31 .14 .05 .02
+OOOO



24 OOOO + + .01 .03 .07 .13 .21 .27 .30 .27 .21 .13 .07 .03 .01 +
+OOOO
25 OOOO + + + + .01 .02 .04 .05 .05 .05 .04 .02 .01 + + +
+OOOO
26 OOOO . + + + + + + +. 01 + + + + + + +
.OOOO
27 OOOO . . + + + + + + + + + + + + + .
.OOOO
28 OOOO . .. . . + + + + + + + .
.OOOO
29 OOOO 0
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

TOTAL THICKNESS (FT) OF NEW MATERIAL ON BOTTOM, 3600.00 SECONDS AFTER
DUMP
...MULTIPLY DISPLAYED VALUES BY 1.000 (LEGEND... + = .LT. .01
. = .LT. .0001 0 = .LT. .000001)
M N= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
19 20
2

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

.0000
4 OOOO

.OOOO

.OOOO
6 OOOO

.0000
7 OOOO

.0000
8 noon\J\J\J\J

.OOOO
9 OOOO +

+OOOO
10 OOOO +
+OOOO
11 OOOO +
+OOOO
12 OOOO +

H-OOOO
13 OOOO +
+OOOO
14 OOOO +
+OOOO
15 OOOO +
+OOOO
16 OOOO +
+OOOO
17 OOOO +
+OOOO
18 OOOO +
+OOOO
19 OOOO +
+OOOO
20 OOOO +
+OOOO

.

+ 1 I
T T

+ + +

+ + .01

+ + .01

+ + .02

+ .01 .02

+ + .02

+ + .01

+ + .01

+ + +

+ + +

•

-

-

.01

.02

.03

.05

.05

.05

.04

.02

.01

+

-

-

.01

.02

.04

.07

.09

.10

.10

.08

.05

.03

.01

•

+

.02

.03

.07

.11

.15

.17

.16

.13

.08

.04

.02

-

-

.01

.02

.05

.09

.15

.21

.25

.23

.18

.11

.06

.02

-

-

.01

.02

.05

.10

.17

.25

.29

.27

.20

.12

.07

.03

-

+

.01

.02

.05

.09

.15

.21

.25

.23

.18

.11

.06

.02

•

-

.02

.03

.07

.11

.15

.17

.16

.13

.08

.04

.02

.01

.02

.04

.07

.09

.10

.10

.08

.05

.03

.01

-

-

.01

.02

.03

.05

.05

.05

.04

.02

.01

+

.

+ + .

+ + +

+ + +

.01 + +

.01 + +

.02 + +

.02 .01 +

.02 + +

.01 + +

.01 + +

+ + +

+ -t- +



21 OOOO . + + + + + + .01 .01 .01
.OOOO
22 OOOO . . + + + + + + + +
.OOOO
23 OOOO . . . + + + + + + +
.OOOO
24 OOOO + + + + +
.OOOO
25 OOOO
OOOOO
26 OOOO
OOOOO
27 OOOO
OOOOO
28 OOOO
OOOOO
29 OOOO
OOOOO
30
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
OOOO

RUN COMPLETED

n

0

0

0

o

0

0

0

o

0

0

0

0

0

0

0

0

0

0

0 0 0

0 0 0

0

O O O O

O O O O

0

0

0

0

0

0

0

0

0

0

0

0

0

0



ATTACHMENT D-2

Calculations of Off-Site Transport in RA2a, RA2b, and RA4

Evaluation of RA5 Offset Near RA4/RA5 Boundary



RA2a Tail Geometry

RA2a cap thickness: 4.50 ft includes overplacement

Tail Geometry of cap: Assume Triangular at 10:1 slope
distance 0 45.00
height 4.50 0.00

Area = 1/2 (base x height)

Area= 101.25 SF

Linear edge of cap in RA2a:
Affected Plan View Area
Tail Volume: 2813 CY

RA2b Tail Geometry

RA2b cap thickness: 3.50 ft includes overplacement

Tail Geometry of cap: Assume Triangular at 10:1 slope
distance 0 35.00
height 3.50 0.00

Area = 1/2 (base x height)

Area= 61.25 SF

Linear edge of cap in RA2b:
Affected Plan View Area
Tail Volume:

22750 SF
1475 CY
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RA4 Tail Volumes

distance
height

Tail Geometry from STFATE Run 4
0 50 100 150 200 fl

0.76 0.53 022 0.05 0.01 ft

Simpson's Rule:

RA4 cap thickness:

distance
height

Area = dx/3Jy1+4y2+2y3+4y4+y5J

Area = 58.8 SF

includes overplacement allowance-
conservative assumption for quantity estimation

Tail Geometry of RA4 cap
0 50 100 150 200 ft

3.50 2.44 1.01 073 0.05 ft

Simpson's Rule:

OFFSITE TRANSPORT:

Area = dx/3[y1+4y2+2y3+4y4+y5]

Area - 270.9 SF

Linear edge of cap in RA4:
Affected Plan View Area
(Tail Volume (outside cap boundaries):

TRANSPORT INTO RA5
Linear edge of cap on RA4/RA5 Boundary:
Affected Plan View Area
STFATE Tall Volume (deposition Into RA5):
Downslope movement contingency (20%)
ITOTAL Tall Volume (deposition into RA5):

156000 SF
10436 CY |

222000 SF
14852 CY
2970 CY

17822 CY |

RA5 OFFSET: Evaluate Offset for RA5 Placement Locations

Assumed RA 4 cap thickness at RA5 boundary: f|g||||||jjft

RA5 Mean Mound Height (away from RA4 effects) 2.54 ft

(assumes minimum RA4 cap
thickness is met at boundary)

50 Foot Offset
distance into RA5
Tail height from RA4
Mound height from RA 5
placement nodes
Total Mound height In RA
5

100 Foot Offset
distance into RA5
Tan height from RA4
Mound height from RA 5
placement nodes
Total Mound height In RA
5

150 Foot Offset
distance into RA5
Tail height from RA4
Mound height from RA 5
placement nodes
Total Mound height in RA
5

Notes:
(1) - compare predicted total mound height to estimated mean mound height in RA5 (2.54 feet)

CONCLUSION: 100 foot offset gives modeled mound heights approximately 1 foot greater than the RA5 mean
over an area about 100 feet wide along the RA4/RA5 boundary
This offset provides a measure of safety in the event that the RA4 cap material
does not extend as far into RA5 as predicted by STFATE

0
2.50

1.845

4.35

0
2.50

15375

3.74

0
2.50

0.81

3.31

50
1.74

2.3175

4.06

50
1.74

1.845

3.59

50
1.74

1.2375

2.98

100
0.72

2.475

3.20

100
0.72

2.3175

3.04

100
0.72

1.845

2.57

150
0.16

2.3625

2.53

150
0.16

2.475

2.64

150
0.16

2.3175

2.48

200ft
0.03 ft

2.565ft

2.60ft

200ft
0.03 fl

2.3625ft

2.40ft

200 fl
0.03 fl

2.475 ft

2.51 ft

assumes 50 ft offset

(See note 1)

assumes 100 ft offset

(See note 1)

assumes 150 ft offset

(See note 1)
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APPENDIX E

VALUE ENGINEERING ANALYSIS

Value engineering assesses cap design and proposed construction approaches to ensure that the
project can be successfully completed in a cost effective manner. This involves examining
alternative means, methods, materials, and design approaches to potentially develop more cost
effective design elements during the design process. The value engineering analysis evaluates
the following technical design issues.

• Section E.I: Use of Dredged Material. This section considered the use of
dredged material for construction of the cap in RA2b, RA4 and RA5. In
particular, the analysis compared two alternatives for the use of dredged material
and upland material in RA2b and RA4. Specific factors considered by the
analysis included: ability to place materials using controlled methods; amount of
materials required; cost; and impact on project schedule.

• Section E.2: Material Placement Methods. The design is based on performance
based specifications that encourage competitive bidding and facilitate use of
innovative material placement methods.

• Section E.3: Construction Monitoring. A variety of approaches to construction
quality assurance and construction quality control monitoring were compared.
Specific factors considered included: compatibility with probable construction
methodologies; ability of the approaches to demonstrate the design performance
objectives; and cost.

• Section E.4: Remediation Area Boundaries. The boundaries of each RA have
been revised from those presented in the 30 percent design. Particular attention
has been paid to refining the footprint of each remedial area to minimize capping
outside the ROD-required cap boundaries and maximize the area that may be
capped using dredged material and bottom dumping techniques.

• Section E.5: Dredged Material Disposal Options. The ROD specifies that
dredged material, removed as part of the remedy, be disposed of at a suitable
upland facility. A second alternative, deposition of the dredged material into RA5
with subsequent capping, has also been considered. Factors evaluated include
potential cost savings and potential impacts to the environment.
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• Section E.6: Material Specifications. To the maximum extent practical,
material specifications have been designed to correspond with upland materials
that are readily available at local sources. Where possible, the use of more
expensive material types has been minimized to avoid unnecessary expense.

Conclusions of these analyses are summarized in Section E.7.

E.I USE OF DREDGED MATERIAL

Because dredged material is far cheaper to obtain than upland material, its use was considered in
all areas where the dredged material can satisfactorily fulfill the cap functions. Specifically,
dredged material can potentially meet the materials requirements for the cap in RA2b, RA4, and
RA5. However, use of dredged material affects the remedy cost, schedule, and contracting
strategy. Two alternatives were considered:

• Alternative 1 - Use dredged material in RA5 only. Use upland material in RA1,
RA2a, RA2b, RA3 and RA4.

• Alternative 2-Use dredged material in RA2b,RA4 and RA5. Use upland
material in RA1, RA2a and RA3.

Note: The following analysis is based on quantities, unit rates, and specific schedule dates
developed for the 30 percent design submittal, some of which have been refined and modified as
the design progressed. Notwithstanding this, revision of the analysis to reflect the modified
values was not considered necessary because the analysis is based on the comparison of two
alternatives. As such, its conclusion will not be impacted by minor changes to material
quantities, unit rates, and schedules. Refer to the Basis of Design for all updated information
on quantities, unit rates, and schedule associated with the design.

E.I.I Amount of Materials Required

The amount of materials required was calculated as described in Section 4 of the basis of design
report. Table E-l shows the quantities required to construct the capping system for Alternative 1
and Table E-2 shows the material quantities for Alternative 2.

For the purpose of this analysis, the quantity of material required to construct the caps in RA2b
and RA4 was considered to be independent of the material type. In practice, a slightly thicker
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(3-inch) cross section will be required if dredged material is used. The additional thickness is
required to compensate for consolidation of the dredged materials after placement.

E.I.2 Cost

The only significant cost variable considered in this analysis is the cost of material delivered to
the site. As described below, the material placement cost is assumed to be independent of
whether upland or dredged material is selected.

Material Supply Costs

Note: Refer to Basis of Design for all updated information on unit costs. Unit rates for each
upland material type were established based on communication with a supplier capable of
providing material meeting the designated specifications at the required quantities (Middling
2002). Calculations of the estimated upland material unit rates are summarized in Table E-3. At
this time, certain unit costs for upland products include allowances for potential amendments that
may be required, primarily to adjust TOC or gradation to meet the materials specifications.
These unit costs will be further refined during preparation of the engineers cost estimate as the
design proceeds. The upland materials unit costs are considered sufficiently accurate to analyze
the relative cost differential between the two alternatives, and to inform the decision regarding
the use of upland materials in RA2b and RA4.

Estimated total material costs are presented in Table E-4. The costs are calculated based on the
estimated unit rates developed for upland materials in Table E-3, and the material quantities
calculated in Tables E-l and E-2. Table E-4 presents the estimated material costs for
Alternative 1 and Alternative 2, as well as a comparison of the costs for each material type.
Table E-4 includes a unit rate of $2.00 per cubic yard (cy) for dredged material. Although
purchase of this material is not required, this allowance is included as a material cost in an
attempt to compensate for any modifications that may be required to USAGE dredging contracts.
The dredged material unit rate includes costs associated with higher bids for transport of material
that normally would be disposed of at locations far from Elliott Bay. The costs associated with
dredging the material would be borne by other projects, and are therefore not considering in the
analysis.

The estimated costs are summarized as follows:

• Material Cost for Alternative 1 = $ 3,800,000
• Material Cost for Alternative 2 = $2,400,000
• Cost Difference = $1,400,000
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The only costs that are considered in the above comparison between Alternative 1 and
Alternative 2 are the estimated cost of dredged material and the estimated cost of sand cap mix
delivered to the site. Factors such as lengthened project schedule and associated increased
construction monitoring and administrative costs, have not been evaluated. These costs, together
with cost differences derived from the different material placement methods, may significantly
erode the potential cost advantage of Alternative 2.

Material Placement Costs

The above analysis assumes that the cost of material placement in RA2b and RA4 is independent
of whether upland or dredged materials are used.

In practice, the method of material placement may depend on whether dredged material or upland
material is used. Under Alternative 1, hydraulic washing from a flat-deck barge would be used
or the contractor may propose an alternative placement method and this alternative method may
be used if deemed acceptable. Under Alternative 2, numerous dredging contractors may be
contracted to place the material through modifications to their existing dredge and disposal
contracts. Thus, under Alternative 2, hydraulic washing from a flat-deck barge would be
specified and no contractor options permitted.

Under Alternative 1, one construction contractor would be used and could be required to correct,
through rework at its cost, any placement problems resulting from deviations from the
specifications. This creates an incentive for careful adherence to the specifications. A primary
concern under Alternative 2 is the potential lack of incentive for the dredge and disposal
contractors to achieve careful placement.

£.1.3 Impact on Project Schedule

The impact of the two alternative approaches to project schedule was considered by developing a
conceptual construction schedule for each of the alternatives. Figures E-l arid E-2 present
representative construction schedules for Alternatives 1 and 2, respectively. These schedules are
based on the analyses described below.

Upland Materials

The schedule for placement of upland materials was estimated based on the estimated material
quantities and anticipated placement productivity rates. Based on discussion with a material
supplier, it is anticipated that the rate of material placement, rather than material supply will
control the schedule for use of upland materials. The durations for placement of upland materials
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for each area, by upland material type, are shown in Tables E-l and E-2 for Alternatives 1 and 2
respectively. The assumptions made in estimating the schedule of upland material placement
include 20 working days in a month and assumed placement rates depending on material type and
location.

Dredged Materials

The schedule for placement of dredged materials was estimated based on consideration of the
following factors.

• The schedule for placement will be dependent upon the schedule of dredged
material availability, including the year and month during which dredging is
scheduled to be completed, and the fraction of the available material that will be
suitable for use in the cap.

• It was assumed that placement of dredged material in RA2b and RA4 will be
completed by one operation. That is, material will be placed from only one
dredge source at any given time, and the caps in these areas are constructed
consecutively. This is consistent with the assumptions made for placement of
upland materials.

• For RA2b, a material placement rate of 40,000 cy per month was estimated based
on production rates experienced at Eagle Harbor. For RA4, a reduced material
placement rate of 26,000 cy per month was estimated due to the steep slopes in
RA4. These material placement rates are consistent with those assumed for
placement of upland materials in the same areas.

• For RA4 and RA2b, the volume of material available from each source was
reduced based on the estimated placement rate relative to the estimated rate of
dredging. For example, if the estimated material placement rate was half the
dredging rate, it was assumed that only half the available and suitable material
would actually be able to be used.

• For RA4 and RA2b, where the material placement rate is limited, it was assumed
that only 75 percent of the material volume from sources that are only partially
suitable for cap construction will be available. The remaining 25 percent will be
lost due to schedule uncertainties.
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• Dredged material placed in RA5 will be placed at a rate corresponding to the
estimated dredging rate. All of the material available from each area was assumed
to be available to RA5.

• It was assumed that all of the potential sources of dredged material considered,
and which contained suitable material, were available for the PSR cap
construction.

The schedule calculations for dredged material placement are presented in Table E-5.

Results

The estimated construction durations for RA2b and RA4, using upland material, per
Alternative 1, and dredged material, per Alternative 2, are summarized following. The estimated
years of construction are also shown. The duration for material placement in RA1, RA2a, RA3
and RA5 are unaffected by the two alternatives. However, the construction sequencing of these
areas will vary as shown on the schedules.

Alternative 1
• Placement of upland material in RA2b
• Placement of upland material in RA4
• Project completion

Alternative 2
• Placement of dredged material in RA2b
• Placement of dredged material in RA4

• Project completion

0.6 months (during 2004)
5 months (during 2004 and 2005)
December 2005

0.6 months (during 2004)
5 months (during 2004,2005, 2006
and 2008 - no dredged material will
be available in 2007)
December 2008

As shown above, the dredged material availability has a significant impact on the ability of the
project to be completed in a timely fashion if dredged material is used in RA2b and RA4.

E.2 MATERIAL PLACEMENT METHODS

Performance based specifications have been developed to describe the remedy for each RA.
These specifications have been developed to allow flexibility with respect to material placement
options. In general, one acceptable placement option is specified, and the contractor may
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propose alternative methods as long as those methods meet the performance requirements (e.g.,
lift heights). By allowing contractors to use innovative material placement methods that are
optimized to suit their own work methodologies, bidding of the work is anticipated to be more
competitive and innovative approaches will be encouraged.

As discussed above, allowing the contractor to select the material placement method will also
reinforce the contractor's responsibility for the resultant work product. That is, the contractor
can be required to correct, at its own cost, any placement problems resulting from its selected
placement methodology. This creates an incentive for careful adherence to the performance
requirements of the specifications. Conversely, specification of a particular placement
methodology could limit the contractors' incentive to achieve careful placement in the most cost-
effective way.

In practice the most inexpensive material placement method will be bottom dumping of dredged
sediments. As discussed in Section E.4, the design seeks to maximize the footprint of RA5,
which is the only area that is suitable for capping by instantaneous release bottom dumping of
sediments.

E.3 CONSTRUCTION MONITORING

The construction monitoring program for RA1 through RA4 (summarized in the Construction
Quality Assurance Plan) has three principal data quality objectives (DQOs):

1. Confirm that the dredging and cap are constructed to the required dimensions

2. Confirm that intermixing of the sediments with the capping material is minimized
to within acceptable limits

3. Confirm compliance with the sediment quality standards (SQS) at the cap surface

A variety of approaches for achieving these DQOs were considered. Specific consideration was
given to identifying testing methodologies that would:

• Address multiple DQOs with one test method

• Coordinate with long-term monitoring requirements prescribed by the Operations
and Maintenance Monitoring Plan
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• Be cost effective

• Minimize extraneous data

• Not interfere with physical execution of the work

• Provide results in a timely fashion, such that corrective actions are identified
quickly and with minimal impact to project schedule

Water quality monitoring is prescribed by the Water Quality Certification issued by EPA and as
such was not subject to any value engineering analysis. Construction quality control monitoring
of material placed within RA5 will be completed by the USAGE and was similarly excluded
from this analysis.

E.3.1 Bathymetry

Bathymetry surveys within the areas to be capped will confirm that the required cap dimensions
are being achieved. In particular, measurements will confirm that the thickness of the cap is
greater than minimum requirements and identify the presence of any slope failures that need to be
addressed.

Single-beam differential bathymetry will be used wherever suitably accurate results can be
obtained to confirm the dredging and cap construction have been completed to the required
dimensions. The accuracy of the single beam methodology is reduced in areas of deep water and
steep slopes. In areas where the accuracy of single-beam bathymetry survey may be
compromised, additional visual observations, using either sediment profile imaging (SPI) or
cores, will be used to supplement the available information.

Multi-beam differential bathymetry is more accurate than the single beam approach and is less
susceptible to losses of accuracy in deep water or on steep slopes. The multi-beam methodology
does, however, produce a large quantity of data that is both expensive and time consuming to
manipulate. Therefore, multi-beam differential bathymetry will only be used to determine
bathymetry before and after cap construction as part of the record drawings.

Sub-bottom profiling was also considered for survey of the capped surface bathymetry. Sub-
bottom profiling can also be used to directly measure layer thicknesses. The accuracy of sub-
bottom profiling is affected by the acoustic properties of the capping materials and underlying
sediments, and the slope of the bottom. Sub-bottom profiling was recently used to successfully
measure a relatively thin (1-foot thick) sand cap layer placed over dredged material at Puget
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Sound Naval Shipyard (FWENC, 2002). However, the data analysis can be complex and time
consuming, and data interpretation may be inconclusive. Sub-bottom profiling was therefore not
included in the monitoring regime.

£.3.2 Visual Observations

Visual analysis will be used to confirm whether intermixing of capping material and underlying
sediments is occurring during placement of the cap. Visual observations will be made using
either:

1. Sediment profile imaging (SPI), inserted through the cap; or
2. Cores taken from the cap and underlying sediment.

SPI can rapidly obtain a relatively large number of snapshots of emplaced cap thickness, depth of
intermixing, and locations of slope failures. SPI is, however, limited in that it can only obtain
images of up to 8 inches of the cap cross section. Deep water and steep slopes will limit the
accuracy of single beam differential bathymetry in RA4. Therefore, SPI will be used during
placement of the critical first lift of cap material in RA4 to enable early assessment of where the
Contractor's placement methods are adequate. When used in conjunction with other test
methods, SPI is useful for confirming that intermixing is not occurring and identifying areas of
slope failure.

Visual observations will also be made from cores. Cores will be taken through the full depth of
the cap cross section and into to the underlying sediment. Visual observation of the cores will
provide confirmation that the minimum required cap thickness is being achieved and that no
significant intermixing of the capping material and sediments is occurring. All cores taken as
part of the construction monitoring will be visually observed.

E.3.3 Chemical Analysis

Chemical analysis will be completed on samples taken from cores. At least two cores will be
taken from each remedial area at a distribution of approximately 1 core per acre in RA1 to RA3,
and 1 core per 2 acres in RA4. Additional cores can be taken, as necessary, to address specific
concerns that may result from the bathymetric or SPI surveys. The results of the chemical
analysis will be used to verify that concentrations of COCs in the top 4 inches of the cap do not
exceed the SQS, as required by the ROD. They will also represent the baseline data used for
long term monitoring.
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Chemical analysis was also considered as a means for evaluating potential intermixing of
contaminated substrate in the first cap layer. However, analysis turn-around-times would be such
that this approach would interfere with the construction schedule. Visual observations are less
expensive, provide more timely results and are considered to be sufficient for achieving this
objective.

E.4 REMEDIATION AREAS

The boundaries of each RA have been revised from those presented in the 30 percent basis of
design. Particular attention has been paid to refining the footprint of each remedial area and
maximizing the area that may be capped using bottom dumping techniques.

E.4.1 RA Boundary Simplification

The Record of Decision (ROD)-specified cap boundaries are based on sediment chemistry and
are irregular in shape. The 30 percent design included simplified, "squared off remediation area
boundaries to simplify constructibility. As a result, the 30 percent design capping area was 66
acres, compared to the ROD-specified capping area of 55 acres. Two major changes in the RA
boundaries have been made to reduce unnecessary capping:

• RA5 perimeter capping boundaries have been re-defined to coincide with the
ROD-specified boundaries. This change does not affect the required capping
volume (since the placement method in RA5 occurs on a grid system and the
placement target locations have always been within the ROD-specified
boundaries). However, this re-definition more accurately reflects the RA5 cap
design area.

• RA 1 through RA4 perimeter capping boundaries have been re-defined to more
closely match the ROD-specified boundaries, while still remaining simplified
enough to facilitate construction.

The result of these changes is that the design capping boundaries now encompass 58.3 acres. An
actual reduction in cap materials requirements has been brought about by the changes in the RA1
through RA4 boundaries, as 1.7 fewer acres are targeted for capping. This corresponds to
roughly an 8,000 CY reduction in the required capping material, which represents an
approximate cost savings of $ 100,000.
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E.4.2 Maximization of RA5 Area

In practice the most inexpensive material placement method will be bottom dumping of dredged
sediments. Within the area required to be capped, the design seeks to maximize the footprint of
RA5, which is the only area that is suitable for capping by instantaneous release bottom dumping
of sediments. Further, bottom dumping of sediments to form the cap will be accomplished by
modification to USAGE contracts. Placement of dredged cap material in RA5 will have a
relatively small cost associated with transporting and placing the dredged material at RA5, since
this material would otherwise be disposed of by similar methods at open-water PSDDA sites.

Engineering analyses were used to define the RA4/RA5 boundary with consideration of the
material types and placement methods to be used. Key parameters that were used to define this
boundary are the load-bearing strength of the existing sediments and the modeled mound
geometry for instantaneous bottom-dump placement. The RA4/RA5 boundary was located such
that mound heights from instantaneous bottom-dump placement do not exceed the load-bearing
strength of the sediments. Appendix D presents this analysis.

The result of this analysis is that the RA4/RA5 boundary is located as far shoreward as possible.
RA5 as defined covers approximately 21.9 acres, whereas the total design capping area is
approximately 58.3 acres. Thus, RA5 constitutes approximately 38 percent of the total design
capping area. The estimated cost savings of using dredged material in RA5 instead of upland
material (based strictly on the difference in materials cost) is approximately $2,000,000.

E.5 DISPOSAL OF MATERIAL

Contaminated sediments, dredged from the area around the Crowley Pier, within RA1 and RA3,
will require disposal as part of this remedy. This analysis compares two alternatives for disposal
of this dredged material:

• Alternative 3 - Upland disposal of the dredged material at a suitable landfill
facility. This alternative is consistent with the ROD and is the approach specified
in the design.

• Alternative 4 - Offshore deposition of the dredged material in the deep water
within RA5. The dredged material would subsequently be covered by the RA5
capping system and therefore isolated from future impact to the environment.
This would be considered consolidation of contaminated material within an
existing area of contamination, and under CERCLA would not constitute
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"placement" or "disposal." This approach was considered in the FS but was not
included in the Selected Remedy based on comments received during the public
comment period.

E.5.1 Costs

The estimated cost of each alternative were compared based on the estimated unit rates
developed for the 30 percent design submittal. These costs are considered sufficiently accurate
for the propose of comparison between the two alternatives. For each alternative, the material
dredging costs were assumed to be equal.

Estimated costs for Alternative 3, disposal of dredged material at a suitable upland facility, and
Alternative 4, disposal of dredged material in RA5, are presented in Table E-6. The costs are
calculated based on the estimated unit rates and quantities developed for the 30 percent design
submittal.

The principal costs associated with disposal of dredged material at an upland location are:

• Draining liquids on a flat-deck barge, using best engineering practices, in
preparation for transport and disposal

• Loading of the dewatered sediments into lined shipping containers

• Transport of the material to a regional landfill, assumed to be in Eastern
Washington

• Disposal of the material in a suitable licenced and permitted facility

Deposition of the dredged material within RA5 would eliminate the costs associated with
preparation of the material for transport ($5.00 per cy), and transport and disposal of the material
in a suitably licenced and permitted facility ($30.00 per ton).

Costs associated with Alternative 4, that would not otherwise be incurred by the remedy include:

• A assumed unit rate of $3.00 per cy for the handling associated with deposition of
dredged material in RA5;

• Additional water quality monitoring. The water quality monitoring program
associated with placement of contaminated sediments would have to be expanded
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from turbidity, DO, and temperature to include analysis of the primary
contaminants of concern.

Table E-6 presents a comparison of the costs for Alternative 3 and Alternative 4. This
comparison is summarized following:

• Cost for Alternative 3 = $600,000
• Cost for Alternative 4 = $300,000
• Cost Difference = $300,000

In addition to assuming that dredging costs are equal under both alternatives, the analysis
assumes that the cost of constructing the cap in RA5 under each alternative will also be equal.
Placement of additional sediment in RA5 prior to construction of the cap could increase the long-
term monitoring requirements, which has not been included in the cost analysis

E.5.2 Environmental Impacts

The relative environmental impacts of Alternative 3 and Alternative 4 are primarily associated
with the short-term water quality impacts of the actions. Under Alternative 3, the dredged
material would be dewatered on site, with the return water entering the water column in the
dredge area vicinity. The associated water quality impacts (e.g., turbidity, release of dissolved
contaminants) have been assessed in Section 5 of the Basis of Design and are predicted to be
acceptable outside the 300-foot mixing zone.

Under Alternative 4, short term water quality impacts would occur both at the dredge location
and at the deposition location. While the additional impacts at the deposition location are
expected to be acceptable outside a 300-foot mixing zone, these impacts have not specifically
been quantified (e.g., with a standard elutriate test). The primary environmental concern under
Alternative 4 is the additional area (the need for two mixing zones) that would be subject to
short-term water quality impacts during an approximate 2 to 3 week period.

No significant long-term environmental impacts are associated with either alterative.

E.6 MATERIAL SPECIFICATIONS

Material specifications have been developed in consultation with material suppliers to ensure
they describe materials that are readily and cost effectively available at local sources. Where
ever possible, standard specifications commonly used in local and state earthworks projects have
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been specified. To the maximum extent possible, the use of expensive material types has been
minimized to avoid unnecessary expense while still accomplishing the minimum requirements of
the remedy design. Specialized material specifications, such as filter layers for riprap revetments
and habitat mix, have been developed such that they can be manufactured by combining
materials that are readily available from local suppliers.

E.6.1 Total Organic Carbon

Total Organic Carbon (TOC) is required in materials that will be placed in the lower layers of the
cap, in direct contact with contaminated sediments. In particular a minimum TOC content of
1 percent was specified by the 30 percent design for sand cap mix and filter layer materials
(upland sources), and a minimum TOC of 2 percent was specified for dredged material in RA5.

E.6.1.1 Upland Material TOC

Discussions with material suppliers have indicated that, depending on the raw material source
and processing methods, locally supplied materials may not achieve this minimum requirement.
Two approaches were considered to address this potential problem:

1. Revision of the design, to reduce the minimum TOC content from 1 percent to
0.5 percent for upland material; and

2. Provision for the introduction of additives to the locally available materials that
will increase TOC the content of the bulk product.

This design has adopted the first approach, by reducing the TOC requirement to 0.5 percent.
This resulted in an increase in the thickness of the chemical isolation layer by 6 inches in RA2a,
RA2b, and RA3, and 9 inches in RA4. However, in light of the potential difficulties and expense
of providing upland material with 1 percent TOC it is concluded that the cost of supplying the
additional material will be offset by the cost of introducing and mixing the additives necessary to
achieve the minimum requirements.

The minimum 0.5 percent TOC requirement is needed for all of the sand cap mix material.
However, TOC is only needed in filter material in locations where the filter material functions as
the chemical isolation layer. Therefore, two filter materials have been specified, one with TOC
and one without, to minimize any additional costs of incorporating TOC into this material type.

It is possible that some amendments may still be required to attain the 0.5 percent TOC
specification, particularly in the gravelly filter material. The following methods have been
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considered, in consultation with local material suppliers, for increasing the TOC content to 0.5
percent.

• Addition of activated charcoal. Activated charcoal, in granular form, has a very
high raw material cost but would require addition of a very small quantity. The
material would require hydration prior to blending, to increase its specific gravity
so it will settle through the water column during placement. Granulated carbon
could be added during loading of the base material onto the barge and be mixed as
part of loading, transport and placement. Given the large quantities of sand cap
mix required for completion of the work, the very high raw material cost will
probably make this alternative impractical for sand cap mix. Activated charcoal
may, however, be cost effective for the filter material.

• Addition of compost. Compost has a TOC content of around 30 percent to
40 percent and so would require the additional of a relatively small quantity. As
with granulated carbon, it could be added as base material is loaded onto the barge
and mixed as part of loading, transport and placement. Material costs vary, but
would be considerably less than activated carbon. It is possible that certain
elements of the compost will float or become suspended during placement of the
material, causing potential water quality concerns.

• Addition of a secondary material such as topsoil. Material such as topsoil
typically contains a significant proportion of TOC. However, the percentage of
TOC would probably be considerably less than that of compost and therefore a
more significant quantity of the secondary material would be required. Addition
of a significant quantity of a secondary material could, in turn, impact the
gradation of the base material. This approach is highly dependent on the
properties, cost and availability of suitable secondary materials and would need to
be approved on a case by case basis.

As per the approach adopted for material placement methodologies, a performance based
specification will be developed with respect to the minimum TOC content. This approach will
allow contractors and their material suppliers to use innovative methods to achieve the design
requirements. It will also encourage competitive bidding of the work.

£.6.1.1 Dredged Material TOC

The dredged material TOC specification has be reduced to 1 percent on average. This is
considered a more realistic assessment of the sandier dredged material that will likely be
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available from the Snohomish River. The 30 percent design used a 2 percent TOC requirement,
which was based on properties of the Duwamish River sediments. The revised TOC requirement
results in a 6-inch thicker cap in RA5.

It is anticipated that the bulk of the available dredged material will originate from the Snohomish
River. The revised TOC requirement will allow the unrestricted use of a greater volume of
dredged material from various sources, lending flexibility to the capping program in RA5.

E.6.2 Material Gradation

The use of angular materials on the finished surface of exposed beaches is not desirable from an
aesthetic, habitat or functional perspective. The 30 percent design called for placement of gravel
mix on the exposed beaches. The gravel mix specification consisted of a crushed rock product,
which did not meet the desired habitat or aesthetic properties required for beaches. Given the
percentage of the total gravel mix material quantity that will actually be exposed on the beaches
is very small, it was considered unreasonable to modify the complete gravel mix specification to
require the use of more expensive rounded materials. Further, crushed material is desired for
slope stability considerations. Given these considerations, creation of a new material
specification for this relatively minor quantity and increasing the perceived complexity of the
project was considered undesirable. Therefore, the design was modified to provide for a layer of
habitat mix over the gravel mix. This approach accomplishes the requirements of the design
while maintaining the simplicity of the specification and minimizing the quantity of more
expensive rounded material required to complete the remedy.

E.7 CONCLUSIONS

Based on the results of the value engineering analysis, the following conclusions have been
made:

• After considering contracting requirements, logistics, costs, and potential impacts
to the project schedule, EPA has determined that it is most practicable to use
upland material to construct the cap in RA2b and RA4. Thus, dredged material
will be used for cap construction only in RA5.

• Performance-based specifications are used for construction of the cap in RA1-
RA4. By allowing contractors to use innovative material placement methods that
are optimized to suit their own work methodologies, bidding of the work is
anticipated to be more competitive and innovative approaches will be encouraged.
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• Construction monitoring methodologies have been developed that will
demonstrate that the Data Quality Objectives are achieved, while minimizing the
impact of the program to the project cost and schedule, hi addition, the
monitoring methods are designed to complement the long-term monitoring. Single
beam differential bathymetry will be used in all areas where suitable accuracy can
be achieved. This will be supplemented, where necessary, by visual observations
from SPI and cores. The use of chemical analysis and differential bathymetry has
been minimized and will be used primarily to demonstrate compliance with the
SQS and document cap as-built conditions.

• The RA boundaries have been re-defined to minimize placement of capping
material outside the ROD-required boundaries. The result of these changes is
roughly an 8,000 CY reduction in the required capping material and a savings of
approximately $100,000. RA5 has been maximized to approximately 38% of the
total capping area, saving approximately $2,000,000 compared to the use of
upland material in RA5.

• Dredged material will be disposed of at a permitted upland facility, as required by
the ROD. However, a potential cost savings of $300,000 would be associated
with depositing the contaminated dredged material in RA5 and subsequently
capping the deposit.

• Material specifications have been developed in consultation with material
suppliers to ensure they describe materials that are readily and cost effectively
available at local sources. Where appropriate the design has been modified to
accommodate the limitations of locally available material. The cap thickness has
been modified to allow the use of more cost-effective materials with lower TOC
content. Performance based specifications will encourage the use of innovative
approaches for addressing specific material requirements that could be achieved
through a variety of methodologies.
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Notes and Assumptions Associated with Schedule for Alternative 1

1. RA1 must be completed as quickly as practical to achieve habitat enhancements.

2. Removal of existing piles in RA1 must precede construction of the cap in RA1 (see
Note 6).

3. Dredging in RA3 must precede construction of the cap in RA3 and adjacent parts of RA1
andRA2a.

4. Construction of the cap in RA4 and RA5 may precede independently.

5. Assume 1 month equals 20 working days. Round all months up to the nearest 0.5 month.

6. Assume a total of 600 piles will be removed at a rate of 30 piles per day.

7. The dredge volume in RA3 is approximately 10,500 cubic yards. Assume an average
dredging rate of approximately 600 cubic yards/day based on difficulties associated with
work around the Crowley Pier. RA3 dredging duration equals 17 days, plus 7 days for
survey and possible re-dredging, 1 month total duration.

8. Assume only one operation placing upland material. Assume placement of dredged
material in RA5 is independent of other cap construction.

9. During 2004, material will be placed concurrently in RA5 from the following sources.
Material could be available at any time during the 6-month dredging window.

• 38,000 cy placed from Duwamish, at same rate as dredged (62,000 cy/month)
• 35,000 cy placed from Swinomish, at same rate as dredged (32,000 cy/month)

10. During 2005, material placed from the Snohomish Upstream Basin in RA5 at same rate
as dredged (228,000 cy/month). Material could be available at any time during the
6-month dredging window.

W:\06500\l 00% Design Submittal\Appendix E.wpd



FIGURE E-2 Page 2 of 2
CONSTRUCTION SCHEDULE FOR

ALTERNATIVE 2

ID
1

2

3

4

5

6

7

8

9

10

11

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

o

&
E3
m
m
m
E53
m
m
EB

Ea

a
Eg.
E3
E3
m
G3
E3
S3
m
m
m
m
m
EH
m
E3
E3
@
E3
[3
s

Task Name
2003 FISH WINDOW

2003 CONSTRUCTION WINDOW

2004 FISH WINDOW

2004 CONSTRUCTION WINDOW

2005 FISH WINDOW

2005 CONSTRUCTION WINDOW

2006 FISH WINDOW

2006 CONSTRUCTION WINDOW

2007 FISH WINDOW

2007 CONSTRUCTION WINDOW

2008 FISH WINDOW

2009 FISH WINDOW

CONTRACTING

NOTICE TO PROCEED

RAMP SUBMITTAL / APPROVAL

2003 CONSTRUCTION MOBILIZATION

2004 CONSTRUCTION MOBILIZATION

2005 CONSTRUCTION MOB

2006 CONSTRUCTION MOBILIZATION

2008 CONSTRUCTION MOBILIZATION

PILE REMOVAL (By Others)

RA 1 CAP CONSTRUCTION

EXTEND LONGFELLOW CREEK OUTFALL

RA 2a CAP CONSTRUCTION

RA 2b CAP CONSTRUCTION

RA 3 DREDGING

RA 3 CAP CONSTRUCTION

RA 4 CAP CONSTRUCTION PH I

RA 4 CAP CONSTRUCTION PH II

RA 4 CAP CONSTRUCTION PH III

RA 4 CAP CONSTRUCTION PH IV

RA 5 CAP CONSTRUCTION PH I

Project: CONSTRUCTION SCHEDULl
Date: Wed 7/24/02

2006
Jan

^S*W4»

Feb | Mar

m
pi

1 R/

zm

\ 4CA

Apr | May I Jun

\rf®5

PCON

ism

STRU

m/i- * ,

STIOh

Jul | Aug [ Sep | Oct

m

m

PH

^

2(

II

4

06 CO

4444

ifterp

1STR

1 1

Task ggjfij

Progress ^^M

«H5%SI

•̂•̂ H

Milestone ^^

Summary ^^^^^^^^^

UCTKD

JCTIO

II

Nov I Dec

M

4MOI

wM

ILIZA

I I I

2007
Jan

SKSBSStWffwi

'ION

Rolled Up Task

^P Rolled Up Milestone

Feb

ij

D RJ

Mar

mm

•

X 4 C A

Apr

H.WLN

PCOr

May

POWj

STRU

Jun

@il

CTION

Jul [ Aug^

m

PHIII

WTJgO

Sep Oct | Nov | Dec

GSjJlC)

2008
Jan

$$&

Feb

*l
&

Mar | Apr

rjtWlti

May Jun | Jul

SfesKM
l̂ ?

^

i

?n

^
•

Aug

}J8Jj£

08 CO

^4

Sep

S^S

>JSTR

1 II

Mill II

\siees?es&m$
0

Rolled Up Progress •••••••••i External Tasks

Oct

Mfc^

JCTIO

1 1

1 1

Nov | Dec
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Notes and Assumptions Associated with Schedule for Alternative 2

1. RA1 must be completed as quickly as practical to achieve habitat enhancements.

2. Removal of existing piles in RA1 must precede construction of the cap in RA1 (see
Note 6).

3. Dredging in RA3 must precede construction of the cap in RA3 and adjacent parts of RA1
andRA2a.

4. Construction of the cap in RA4 and RA5 may proceed independently.

5. Assume 1 month equals 20 working days. Round all months up to the nearest 0.5 month.

6. Assume a total of 600 piles will be removed at a rate of 30 piles per day.

7. The dredge volume in RA3 is approximately 10,500 cubic yards. Assume an average
dredging rate of approximately 600 cubic yards/day based on difficulties associated with
work around the Crowley Pier. RA3 dredging duration equals 17 days, plus 7 days for
survey and possible re-dredging, 1 month total duration.

8. Assume only one operation placing upland material. Assume placement of dredged
material in RA2b and RA4 is also by one operation, requiring sequential placement of
material from different sources. Assume placement of dredged material in RA5 is
independent of other cap construction.

9. During 2004, material is placed in RA2b concurrently from the following sources. Note
the quantity of material available from the Duwamish is reduced because the dredging
rate is greater than the placement rate. Material could be available at any time during the
6-month dredging window.

• 15,016 cy placed from Duwamish, at a limited rate (40,000 cy/month)
• 5,717 cy placed from Swinomish, at same rate as dredged (32,000 cy/month)

10. During 2004, material from Swinomish is not placed in placed in RA2b is placed in RA4.
Material placed at the reduced rate of 26,000 cy/month due to the steep slope. Material
could be available at any time during the 6-month dredging window.
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11. During 2005,28,509 cy from Snohomish U/S Basin is placed in RA4 at a rate of 26,000
cy/month. Placement rate in RA4 is limited due to steep slope. Note the quantity of
material available is reduced because the dredging rate is greater than the placement rate.
Material could be available at any time during the 6-month dredging window.

12. During 2006, material is placed in RA4 concurrently from the following sources. Note
the quantity of material available from both sources is reduced because the dredging rate
is greater than the placement rate. Placement rate in RA4 is limited due to steep slope.
Material could be available at any time during the 6-month dredging window.

• 6,453 cy placed from Duwamish, at a limited rate (26,000 cy/month)
• 8,438 cy placed from Swinomish, at same rate as dredged (26,000 cy/month)

13. No dredged material will be available during 2007. Construction of the cap in RA4 is
assumed to be completed to greater than 50 percent during 2006; therefore construction of
the cap in RA5 can commence in parallel with that in RA4 when dredged material is
available in 2008.

14. During 2008, material is placed in RA4 concurrently from the following sources. Note
the quantity of material available from both sources is reduced because the dredging rate
is greater than the placement rate. Placement rate in RA4 is limited due to steep slope.
Material could be available at any time during the 6-month dredging window.

• 28,509 cy placed from Snohomish U/S Basin, at a limited rate (26,000 cy/month)
• 28,438 cy placed from Swinomish, at same rate as dredged (26,000 cy/month)

15. During 2008, all material from both Swinomish and Snohomish U/S Basin that is not
placed in RA4 is placed in RA5. Material is placed at a rate equal to the dredging rates
for the respective sites. Material could be available at any time during the 6-month
dredging window.

W:\06500\l 00% Design SubmittalVAppendix E.wpd



Table 1
Estimated PSR Capping Volumes. Altomitlv* 1 (Dredged Materiel In RAS only)

RA

1

Za

2b

3

4

5

Area
(Acres)

3.86

3.86

6.04

0.80

18.21

22.23

Minimum
Cap

Thickness
(Inches)

72

36

24

36

21

16

Over-
Plaeement
Allowance
(inches)

12

12

12

12

12

10

Subtotal
Contingency 10%

TOTAL

Total Cap Volume
(cubic varts)

Estimated

84646

37147

16648

6S2S

117880

158000

422848
42265
465133

Plus
Contingency

93113

40862

20733

7178

128446

173800

465133

Estimated Volume* by Material Type (all volumes include contingency)

Dredged
Material

(cubic yards)
0

0

0

0

0

173800

173800

Upland Materials
TOTAL

(cubic yards)
83113

40662

20733

7178

128448

SSSPPfttf
P
W

281333

Sand Cap Mix
(cubic yards)

20%
18,623

10
50%

20.431
11

100%

20.733
' 11

50%
3,588

2
100%

128,448
100

5$K5v^SS*SS
§> |fW}Si&
89 SSJsss

182823

Coarse Sand
(cubic yards)

0%
.
.
50%

20,431
11.00

0%
.

0%
.
.
0%
.
.J!Hia$lP

SWigpiW.

20431

Gravel Mbc
(cubic yards)

55%
51.212

26
0%
.
.
0%

-
.
50%

3,568
2

0%
.
.

3
m

Filter layer
(cubic yards)

10%
8.311

10
0%
.
.

0%
.
.
0%
.
.
0%
.
.

»&s?aw
iw$$i$£S$w)3§^

Rip Rap
(cubic yards)

10%
8.311
18.00

0%
.
.

0%
.

0%
.
.
0%
.
.

WHS
m£̂ 8%mtis£%£i3i

54601 8311

1
m8

8311

Rshmi*
(cubic yards)

5%
4.656

5
0%
.
.
0%
.
.
0%
.
.
0%
.
-

|8§S$j(f PSBfj
\ Hit !' i aSH?

4656

Estimated Duration

Days

70

22

11

4

a
r
T

100

jffRfM
EgftHnfiWP

207

Month**11

3.5

1.10

0.55

0.20

5.00

9jj ^j»ffij»s®SB

10.35

Assumptions for schedule calculations
1 Assume 20 working day* In a month

(and cap mix

coarse sand
gravel mix
filter layer
riprap
fishmlx

2000 cy/day
1300 cy/day
2000 cy/day
2000 cy/day
1000 cy/day
500 cy/day

1000 cy/day

3 Placement rate (or dredged material In RAS I* controlled by the dredge rate

4 Placement rate lor dredged material In RA2b Is limited to

5 Placement rate for dredged material In RA41* limited to

for areas other than RA4 • typical placement rate using controlled methods
reduced placement rate In RA4 to account lor placement on steep slope
typical placement rate using controlled methods
typical placement rate using controlled methods
slower placement rate due to placement on a steep slope
slower placement rate due to requirement to construct an embankment
slower placement rate due to placement above rip-rap over a steep slope

2000 cy/day (independent ol dredge rate or number of dredge operations)

1300 cy/day (independent of dredge rate or number of dredge operations)



Table 2
Estimated PSR Capping Volume* • Alternative 2 (MaxImlM UM of Dredged Material)

Estimated Volume* by Material Type (all volumes Include contingency)

Assumptions for schedule calculations
1 Awume 20 writing day* In a month

2 Placement rate for sand cap mix

coarse sand
gravel mix
filter layer
riprap
fishmix

2000 cy/day
1300 cy/day
2000 cy/day
2000 cy/day
1000 cy/day
500 cy/day

1000 cy/day

3 Placement rate for dredged material In RAS Is controlled by the dredge rate

4 Placement rate (or dredged material In RA2b Is limited to

5 Placement rate for dredged material In RA4 Is limited to

for areas other than RA4. typical placement reat controlled methods
reduced placement rate In RA4 to accound tar placement on steep slope
typical placement rate by controlled methods
typical placement rate by controlled methods
slower placement rate due to placement on a steep slope
slower placement rate due to requirement to construct an embankment
slower placement rate due to placement above rip-rap over a steep slope

2000 cy/day (independent of dredge rate or number of dredge operations)

1300 cy/day (Independent of dredge rate or number of dredge operations)



Table 3
Schedule of Unit Rates for Upland Material

Material Name
Sand Cap Mix

Sand Cap Mix • RA4
Coarse Sand
Gravel Mix
Filter Layer
Rip Rap
Flshmix

Material Type
Sand Blend

Sand Blend
Seattle No. 17
Seattle No. 14
Seattle No. 14
SOOIb max stone
Seattle No. 14

Base Material
Unit Rate "'
(Won)
$ 4.50

$ 4.50
$ 5.25
$ 7.50
$ 7.50
$ 8,50
$ 7.50

Material
Density
(ton/cy)

1.28

1.28
1.35
1.35
1.35
1.40
1.35

Base Material
Unit Rat*
(Vey)
$ 5.77

$ 5.77
$ 7.09
$ 10.13
$ 10.13
$ 11.90
$ 10.13

Amendment
Allowance (see
notes)

50%

50%
0%
0%

50%
0%

100%

Delivery m

(Won)
$ 2.00

$ 2.00
$ 2.00
$ 2.00
$ 2.00
$ 2.00
$ 2.00

Delivery (*/cy)
$ " 2.57

$ 2.57
$ 2.70
$ 2.70
$ 2.70
$ 2.80
$ 2.70

Total Unit Rate
(Delivered)
I 11.22

11.22
9.79

12.83
17.89
14.70
22.95

Notes
Allowance for blendinp to produce requried TOC%
Allowance for blending to produce requried TOC% and to Increase
silt content
Armor material requires no amendment
Armor material requires no amendment
Allowance for blending to produce requried TOC%-
Armor material requires no amendment
Allowance for anticipated specialty requirements or regulators

Notes
1 Material cost Includes loading onto barges
2 Based on delivery by contractor



TitO. 4
CottCampKbon

- AlifraoV* 1 (Oredpid •*••« h HAS only)

RA

1

2»

2b

3

4

5

UnlR*>(tfcy)

ElOratedQuKttyto)
Estimated Co* m

EsflmttKlOuartifvfcY)
EsdmolodCosiai

EittmlMj Quantity (cy)
Ei&mtod Cod ft)

EDJratod Quortily(cy)
Estimated Costm

EsttmtedQuartly(cy)
EtfmatedCoitft)

EsdmstedOuartilyta)
EsBmatedCojIff)

Total Material Cwtl
ToM EdxnatadMatana) Con IDatnred)

Costs by IfamWTto* M vakms he*** conlkioancvl
Dradgad
kbtwM

I 2.00

.
»

.

»

.

»

-

*
.

t

173.600
S 347.600.00

* 347,600.00

Upbnd atatNbb
Sand Can Mb

t 11.22

18.623
« 2085(0.04

20.431
t 229.272.44

20.733
* 232.660.89

3,589
$ 40272.50

129.448
t 1. 452.649.28

.

*
t 2,163.835.15

CoanaSand
S 9.7*

.
t

20.431
t 189.966.94

_

»

.

*
.

*
.

t

« 199.966.94

GravriMh
$ 12.S3

51212
S 658.794.41

.

*
.

*
3,589

* 46.025.72

.

t

.

*
t 702.820.13

$ 17J»

9.311
S 168.5i5.52

.

*
.

»

-

*
.

t

.
(

$ 168.555.52

S 14.70

9.311
t 136.875.82

.

*
.

*
.

S

.

*

S

$ 138.875.82

Ftstvnbi
$ 22.95

4,656
t 108.848.94

-

*
.

*
-

*
-

*
.

$

$ 106.846.94

RATnbl
Dndgxi

.
»

.

*
-

*
-

*
.

«

173.800
S 347.600.00

$ 347.600.00

RA Total
Upbnd

93.113
$ 1.278.052.73

40,862
$ 429.239.39

20,733
$ 232.660.89

7.178
t 88.29822

129,448
$ 1.452.649.28

-
t

t 3.476.900.51
t XH24.500.51

Tat* 4b • Atmuttn 2 (Mnkrtu Ut» of DredgMl lUMfal)

RA

1

2a

2b

3

4

5

UnlR4*(Vcy)

Ejtiimled Onrtity (cy)
EitkratedCottm

EsttmtedQu>rt«v(cY)
EitkratodCostm

EstknlodQunOylcy)
EsOmatodCostm

EHkrat«tQuH«lv(cy)
EibiMledCeatin

E4bmtodau«tty(cy)
Es*Ml«dC««(»)

EXbrntxtQugrtlyfcy)
EsttfratadCodO)

roMMilt>MCod>

Cort»bvlla«l
Oradgwl
IMiiW

$ ZOO

.
S

.

»

20.733
t 41.465.60

.

*
129.448

t 256.896.00

173.600
t 347.600.00

t 647.961.60

M TVM lai vokmn bidud* contkioMinl
Uptand HKMtab

SvxtCwMx
t 11J2

18.623
t 208.980.04

20.431
» 229.272.44

.

»

3.569
t 40.272.50

.

»

.
S

t 478.524.99

Con* Said
I 9.79

.
t

20,431
$ 199.966.94

.

»

_

$

.

t

.
»

S 199966.94

GravriKfe
S 12J3

51212
S 656.794.41

.

*
.

*
3.589

$ 46025.72

_

*
.

S

$ 702.820.13

HMbyw
t 17.19

9,311
I 166.555.52

.

»

.

«

.

*
.

*
.

t

t 166.555.52

RlnRlO
t 14.70

9^11
f 136.675.82

.

S

-

«

.

*
.

t

-
»

I 13S.675.82

Fbhmb
S 22.95

4.656
S 106.846.94

-

*
-

*
.

»

.

«

-
S

S 106.646.94

RAToM
DradOMl

.
S

.

*
20,733

t 41.465.60

_

*
129.448

S 258.696.00

173.800
S 347.600.00

t 647.961.60

RATobl
Upbnd

93,113
t 1276.052.73

40,862
t 429239.39

-

*
7.176

t 86296.22

-

*
-

*
t 1.791.590.34

RA

Alandm 1 - ToM Cost by MatoW
AtenvHv* 2 - ToW Coat by MrtlfM

DHIeraice (An - At 2) - by mtoW

tmoamna

Dndo«d
lUwU

t 347.600.00
f 647X1.60

$(300̂ 81.60)

Upbnd feftita*
SwidCvMb

$ 2.163.835.15
t 478.524.99

t 1.685.310.17

Coan*8^nd

t 199366.94
t 199368.94

*

anvdMx

S 702.820.13
t 70Z820.13

f

FMrlqnr

t 1663S5JI2
t 166355^2

*

RfeRap

t 138.675.83
t 136.875.82

*

Fbtvnlx

$ 106.84654
f 106.84634

*

RATot*
DredgMl

t 347.600.00
t 647.961.60

f (300.381 .60)

RAToM
Upbnd

$ 3.476300.51
t 1.791.590.34

f 1.685,310.17

f 1.3H.94HT



Table 5- Dredged Malarial Properties and Scheduh)

SnohomishRlwfU/SBasii

T>p»
MTOCIAvg) Average OraaiSbe

USand

Dredged Material AvatabBy

Project

Dwnurtsri RNer UUS Bash
Snobomtah River OS Bash
Snohomhh River U/S Bash
S*mornlsb Channel /LaCorwr

EstknatedQuanttles
Total

100.000
2SO.OOO
2SO.OOO
35.000

Sutabte(*)»

38%
0%

100%
100%

Sutabh>(cy)

31.000
.

230,000
39.000

eye*

2
2to3
2lo3

2

last Dredged
Year

2002
2002
2002
2000

Disposal

ElotBey
Port Gardner

Rrvertde
RosartoStraB

Nad Dradpkio Cycle
Year"

2004
' 2005*

' 2005»
2004"'

north"'

Augto Jan
Augto Jan
Augto Jan
Augto Jan

Eat Rate"

62.000
228.000
228,000
32.000

Duration (mtns)

1.6
1.1
1.1
1.1

(1)
(2)
(3)
(4)
(5)
(B)

Ombtacbssfficalicn as sand. 0veniw«mge gradation
Based on UMUHtmotlHt&Ui astute* data. Ptlraiy otteria: % line* < 30%.
Atom prated wo not be designed In «m» to ittttn nrtirial from dm**? con^Med Art? 2002.

Esttmaleddredoa rate. hnticyBrti per mo«h.lh>m USAGE records of average producfivay HOT previous ctwJotao c
Coneival)veVassumaacycl«ot3y»nn>lh>rl>ian2yran

ttora (assume a 20 day monthX

DradgkigSclwkfc

SchwldkigMoln
1
2 rang removal mat pracaed cap ptocOTxrt In RA1biB» areas o
3 Iktdglra In RA3 mat preaed cap construction In RA3 >nd KfKtrtpaite of RA2i
4 C>pceralnjctkinlnRA4inMpnxeedcvccnslnidlenln>c|KentvnsofRA& Assume 50% o» RA4 must b« completed b«fo» starting RAS
5 Estimated PbcemenlP.tt«:

RA5 equrisdredoe rate (sea bbkubove)
RA1toRA3 40.000 cy*north (or the dredge rate»bss then 40.0OOcy*north)

RA4 26.000 cy*nonth (due to sl*«p slopes)
6 Fo<^cBri<rtc<*edortnide^hRAa(AJIe«T«m™2ofW. «ctjtdpoccrt«Beo»meiatirt*

DunnMiRivarWSBasIn 40% Assumed rata of pbcanent Is Oatnr then estbneted dnxtge rate. Addtonel 25% k>s» due to pbcemenl/
Snohomlsh Wver OS Bash 0% No suttabto maledal available
Snonomhh RNer U/S Baski 18% Assumed rate of placement to skwcr lhan the estimated dredge rale
S*fex>rish Channel /LaCcmar 100% The assumed rale ofphwement to faster than Vie dredge rale, Ihenfore assume 100% uBbaUan

7 For ptacenriertc< dredged matanalhRMCAIarrallve 2 crty).ectudp<n»fiagac>fltiesi«abto
Duwamlsli Rtver U/S Basin 17% Assumed rale of placement Is slower than estimated dndge rate. Addtonal 25% toss due to placcnnenl/
Snohoirtsh River [VS Bask) 0% No suHabk) material avaBabte
Snohoirtsh River U/5 Basin 11% Assumed lale of placement l> stover lhan the estimated dredge rate
StAnrishChamd/LaConner 81% Tha assumed rate ot phcamert Is faster lhan the dredge rate, therefore assume 100% utilzatlon

8 For RA5. gtvonptocemert rate equal) ctodgina rate, assume 100% of 6^ ouBr̂ e* avalable from each source can be ufflwd h RA5
9 Placmieriofd>edgedlmlettallnRAStelndepondenlofplacenief<malc4neraicas,«Mlhee^

RA
5

Votuna
Requkad

(cy>
173.800

Year
2004

2005

Son*
Diwamlsh
Q^nontsh

Snohomhh WS

AvabUe •"»•>
(cy)

38.000
35.000

250.000

Start Voi
Raoukvd

(cy)
173.800
135.800
100.800

-

Placed
Quantity

(ty)
38.000
35,000

100.800

flM-tumt
Rate"

(cyfmonttt)
62,000
32.000

226.000

rHaraiiMfit
Ouratkn
tinonths)

0.6
1.1
0.4

CumrmJattv*
Quantty

<cv)
38,000
73,000

173.800

Total Duration ol Placement 2004 1.1 morths
2005 0.4 monto

Atematlva2

RA
2b

4

5

Volume
Raoutad

ley)
20.733

129.448

173.800

year
2004

2004
2005
2008

2007
2008

2008

Source
Dunmtsh
Osdimdiii

Mnombh carry

SnohorrisnUS
DuwamUh
9rinorrrsh
No material
avaJUia

Snohorrtsh IWS
O<ntnofielih

Srfnomrshnot
usedkiRA4

Snctiorrbti IUS
not used In RA4

Dunmlsh

Quanttry
Avalabla'MW

(cy)
15.016
35.000

22.721
28J09
6.435

28.438

28,509
28.438

20.163

221.491
38.000

Start Vo)
Raqukvd

Icy)
20.733
5.717
.

129.448
108,727
78^18
71.783

43.345
43.345
14.837_

173.800

153.637
.

Placed
Quantty

(cy)
15.016
5.717

22.721
28,509
6.435

28.438

28,509
14.837

20.163

153.637_

Placement
Rale*

(cyAnonlri)
40,000
32.000

26.000
26.000
26,000
26.000

26,000
26.000

32,000

228,000
40.000

Placement
Duratkn
(months)

0.4
02

0.9
1.1
0.2
1.1

1.1
0.6

0.6

0.7
.

CunmutattVe
Quantty

(cy)
15,016
20,733

22.721
51,230
57,665
86,103

114,611
14.837

20.163

153.637
-

Total Duration ol Placement -RA2b 2004 0.6 months
Total Duration of Placement -RA4 2004 0.9 months

2005 1.1 mcrths
2006 1.3 months
2007 no material available
2008 1.7 months

Total Duration of Placement. RAS 2008 0.7 months

50% of RA4 complete



Table E6
Estimated Cost of Dredged Material Disposal

Alternative 3 - Upland Material Disposal (per 30% Design Submtttal)

Description

RA3 Dredging1"
Dredge
Dewatef / Rehandle / Load
Transport and Dispose

Total

Quantity

10,500
10.500
14,700

Unit

CY
CY

TON

Unit Cost

$ 10.00
$ 5.00
$ 30.00

Total Cost

$ 105,000.00
$ 52.500.00
$ 441.000.00
t 598,500.00

Alternative 4 - Underwater Material Disposal

Description

KA3 Dredging™
Dredge
Rehandle /Deposit"2*

Additional Water Quality Controls'"
Turbidity Controls0"
Water Quality Monitoring'4™

Additional Construction Quality Control'1'
Bathymetry Survey (muttibeam)w

Subbottom Profile Surveys'"
Sediment Profile Camera Survey"1

Surface Sediment Sampling / Analysis™5'
Sediment cores (visual and physical)™
Additional CQC Reporting™"

Total

Cost Comparison

Option 1 - Upland Material Disposal
Option 2 - Underwater Material Disposal

Cost Difference

Quantity

10,500
10,500

1
18

2
2
1
4
4

208

Unit

CY
CY

LS
DAY

EA
EA
EA
EA
EA
HR

Unit Cost

$ 10.00
$ 3.00

$ 10,000.00
$ 4.000.00

$ 17.000.00
$ 5,000.00
$ 8.000.00
$ 2,000.00
$ 1,000.00
$ 100.00

Total Cost

$ 105,000.00
$ 31.500.00

$ 10,000.00
$ 72,000.00

$ 34,000.00
$ 10.000.00
$ 8,000.00
$ 8,000.00
$ 4,000.00
$ 20,800.00
t 303,300.00

$ 598,500.00
$ 303,300.00
$ 295,200.00

Notes
1 Unless otherwise noted, assume unit rates and quantities from Engineer's Estimate In 30% Design Submittal
2 Increase unit rate for placement of dredged material In RA5 by 50% to account for management of contaminated sediments
3 Allow 10% of quantity in 30% design submittal to account for difficulties associated with placement of contaminated sediment
4 Assume duration of water quality monitoring equals duration of placement equals duration of dredging at 600 cy/day
5 Increase unit rate by 100% to account for additional analyses required for contaminated sediment
6 Allow for two additional surveys, one before and one after placement of the contaminated sediments, to record contaminated sediment location
7 Allow for one additional sediment profile capping survey to record contaminated sediment location
8 Allow 10% of quantity in 30% design submittal to account for additional sampling and analysis requried for contaminated sediment

c:\majTpsr\AppendixEjds
Table 6-Mtt Disposal

URS Corporation
11/14/2002



Appendix F



APPENDIX F
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Work Assignment No. 065-RD-RD-lOlL Page F-l

APPENDIX F

RA5 DESIGN DRAWINGS AND EXAMPLE SPECIFICATIONS

F.I INTRODUCTION

This appendix presents the design drawings and example specifications to be used by the
U.S. Army Corps of Engineers, Seattle District (USAGE) in construction of the sediment cap in
remedial area 5 (RA5) at the Pacific Sound Resources (PSR) Superfund site. Because the cap in
RA5 is to be constructed with dredged material that is placed using instantaneous release from
bottom-dump barges, different contracting and construction approaches are used for RA5
compared to the other RAs. The construction and contracting strategies for RA5 are discussed in
Section 8 of the Basis of Design.

The RAS cap may constructed using dredged material from two types of projects:

• USAGE maintenance dredging of local rivers; or
• Other dredging projects in the vicinity.

In the case of USAGE maintenance dredging projects, future USAGE contracts with private
dredging contractors will include additional clauses and requirements that will allow dredged
material to be used in construction of the RAS cap. The dredging contracts will direct the
contractors to place clean dredged material (that meets specifications for capping) in specific
areas of RAS, in accordance with the design plans.

Other parties applying for Dredged Material Management Program (DMMP) open-water disposal
of suitable material may consider placement of their material at PSR RAS. In this case, USAGE
would evaluate the material for suitability as capping material and, if suitable, would set forth the
requirements for placement at PSR RAS. The third parties would place the material at PSR.

hi contrast to the approach in RA1 through 4, contractors placing material in RAS will not be
responsible for cap placement monitoring or construction verification. Services for construction
monitoring, oversight, and verification in RAS will be provided under separate contract to
USAGE. Monitoring and verification will include sampling, surveying, construction oversight,
reporting, and other activities described in the RAS Construction Quality Assurance Plan
(CQAP).
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All dredged material placed in RA5 will be suitable for open-water disposal under DMMP
guidelines, and will be as clean as or cleaner than the sediment quality standards (SQS) set forth
in WAC 173-204-320.

The PSR Management Plan (PSRMP), discussed in Section 9 of the Basis of Design, was
developed by the Seattle District, USAGE to define the strategies and procedures for construction
and maintenance of the remedy for the Marine Sediments Unit (MSU). The PSRMP includes:

• The CQAP for RA1 through RA4;

• The CQAP for RA5;

• The Operation, Maintenance, and Monitoring Plan (OMMP) that covers the entire
MSU;

• The Management Guidelines, which covers procedures for use of dredged
material for the cap in RA5.

The substantive information in this appendix will be incorporated into the PSRMP.

F.2 ORGANIZATION

This appendix includes three attachments:

• Attachment F-l: Materials specifications for "Dredged Cap Material" that
USAGE will use to evaluate dredged material for suitability as RA5 capping
material;

• Attachment F-2: An example specification for maintenance dredging of local
rivers, with provisions for placement of the material at PSR RA5;

• Attachment F-3: The RA5 design drawings, which include construction notes.
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ATTACHMENT F-l
MATERIALS SPECIFICATIONS FOR DREDGED CAP MATERIAL

This attachment presents the materials specifications for determination of whether a particular
source of dredged material is suitable for use as capping material in PSR RA5. These
specifications assume candidate materials are determined suitable for open water disposal by the
Dredged Material Management Office (DMMO). USAGE, in consultation with EPA, will
determine whether candidate materials are suitable for use as capping material in PSR RA5.
Project proponents with material meeting this specification will be provided with placement
requirements, similar to the example shown in Attachment F.2.
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DREDGED CAP MATERIAL

Dredged material for use in capping at PSR RA5 shall meet the following requirements:

1. Dredged material shall be determined by the DMMO to be suitable for open water
disposal and beneficial re-use.

2. Dredged material shall be determined by the USAGE and EPA to meet the sediment
quality standard (SQS) chemical requirements of WAC 173-204-320(2), or if exceeding
the chemical requirements, meeting the SQS biological requirements of WAC 173-204-
320(3). DMMP suitability determinations will be based on, first, a determination that the
dredged material is suitable for open water disposal. This means that all of the DMMP
guidelines must be met. Second, the modified PSR Guidelines, which are summarized in
the following bullets, must be met:

• Tier I Suitability Determination. Satisfies PSR dredged cap material SQS
compliance specification.

• Tier n Suitability Determination. USACE will examine Tier n chemical data for
carbon-normalized concentrations (for those chemicals with carbon-normalized
SQS) and compare to SQS chemical concentrations in WAC 173-204-320(2).
Satisfies PSR dredged cap material SQS compliance specification if
concentrations are below SQS.

• Tier HI Suitability Determination. USACE will examine Tier m bioassay data for
compliance with the SQS biological interpretive requirements of WAC 173-204-
320(3). Satisfies PSR dredged cap material SQS compliance specification if
bioassay results meet the SQS biological requirements.

• Tier IV Suitability Determination. This is unique to the DMMP guidelines and
does not apply to the PSR material suitability. The PSR Management Guidelines
include a PSR Users' Manual that displays these differences in detail.

USACE may refine these procedures for making a suitability determination in the
PSRMP, and may identify instances where best professional judgement may be required
in making the determination.
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3. The fines content of the dredged material (silt and clay, passing U.S. No. 200 sieve) shall
not exceed 30 percent by weight unless approved by the USAGE. The USAGE will
consider using dredged material with fines content exceeding 30 percent on a case-by-
case basis, and the fines content will be treated as an operational parameter during
construction. USAGE will monitor and evaluate water quality and off-site cap material
deposition implications.

4. The dredged material shall be non-cohesive, as characterized by a plasticity index less
than 10. The USAGE will consider using dredged material with a plasticity index greater
than 10 on a case-by-case basis, and the plasticity index will be treated as an operational
parameter during construction.

W:\06500\l 00% Design Submittal\Appendix F.wpd



FINAL DESIGN SUBMITTAL
PSR Superfund Site, Marine Sediment Unit Appendix F
RAC, EPA Region 10 Date: 02/03/03
Work Assignment No. 065-RD-RD-101L Page F-6

ATTACHMENT F-2
EXAMPLE SPECIFICATION FOR USACE MAINTENANCE DREDGING PROJECTS

The attached example specification is based on a recent USACE dredging contract from the
Duwamish River. For illustration, the project-specific information from that contract has been
left in place. Highlighted sections indicate example clauses that may be included in future
contracts to allow placement as capping material at PSR RA5.
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EXHIBIT 3
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ATTACHMENT F-3
RA5 DESIGN DRAWINGS
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1. RA5 CAP MATERIAL SHALL CONFORM TO THE REQUIREMENTS FOR -DREDGED CAP MATERIAL' AS DEFINED IN THE
FINAL DESIGN SUBMnTAL. APPENDIX F.

1 ALL DREDGED MATERIAL SHALL BE PLACED BY BOTTOM-DUMP BARGE

3. CENTER OF BARGE SHALL BE WTHIN 100 FT OF TARGET COORDINATES AT TIME OF OPENING.

4. THE FIRST PLACEMENT EVENT AT EACH TARGET LOCATION SHALL NOT EXCEED 1.500 CY. SUBSEQUENT
PLACEMENT EVENTS MAY EXCEED 1.500 CY AT A- THROUGH F-SERIES TARGET LOCATIONS. SUBSEQUENT
PLACEMENT EVENTS SHALL NOT EXCEED 1,500 CY AT G-SER1ES TARGET LOCATIONS.
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8. BASE MAPS HAVE BEEN DEVELOPED BASED ON BATHYMETRIC SURVEYS PERFORMED BY NOAA OFFICE OF COAST
SURVEY IN MARCH 2001 AND PARAMETR1X IN SEPTEMBER 2001, AND ON A LAND SURVEY PERFORMED BY
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APPENDIX G

USAGE DREDGE MODEL OUTPUT AND CALCULATIONS

This appendix presents USAGE DREDGE model input, output, and associated calculations for
the evaluation of short-term turbidity impacts associated with dredging. The results are
discussed in Section 5 of the basis of design report.

W:\06500\l 00% Design Submitta1\Appendix G.wpd



DREDGE MODULE OUTPUT

Dredge Type : Open Ctamhell
Near-Field Model : User lupin
En-field Model : Kno'i Model
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0.219
0.123
0.064
0031

0.035
0.07

0.128
0.219
0.348
0.515
0.71

0.912
1.091
1.214
1.258
1.214
1.091
0.912
0.71

0.515
0.348
0.219
0.128
0.07

0.035

0.039
0.074
0.13

0.215
0333
0.481
0.65

0.822
0.972
1.075
1.111
1.075
0.972
0.822
0.65

0.481
0.333
0.215
0.13

0.074
0.039

0.042
0.077
0.131
0.21

0.316
0.447
0.594
0.741
O867
0.953
0.984
0.953
0-867
0.741
0.594
0.447
0.316
0.21

0.131
0.077
0.042

0.044
0.078
0.13

0.203
0299
0.415
0342
0.667
0.774
0.847
0.872
0.847
0.774
0.667
0-542
0.415
0.299
0.203
0.13

0.078
0.044

0.046
0.079
0.127
0.195
0.281
0.383
0.493
0.601
0.692
0.753
0.775
0.753
0.692
0.601
0.493
0383
0.281
0.195
0.127
0.079
0.046

0.047
0.079
0.124
0.185
0.263
0.353
0.449
0341
0.619
0.671
0.689
0.671
0.619
0341
0.449
0353
0.263
O185
0.124
0.079
0.047

0.048
0.078
0.12

0.176
0.245
0324
0.408
0.488
0354
0398
0.613
0.598
0354
0.488
0.408
0.324
0.245
0.176
0.12

0.078
0.048

0.048
0.076
0.115
0.166
0.228
0.297
037

0.439
0.496
0334
0347
0334
0.4%
0.439
0.37

0.297
0.228
0.166
0.115
0.076
0.048

0.048
0.074
0.11

0.156
0.211
0.273
0.336
0396
0.445
0.477
0.488
0.477
0.445
0.396
0.336
0.273
0.211
0.156
0.11

0.074
0.048

0.047
0.071
0.104
0.146
0.195
0.249
0.305
0357
0399
0.426
0.436
0.426
O399
0357
0.305
0.249
0.195
0.146
0.104
0.071
0.047

0.046
0.069
0.099
0.136
0.18

0.228
0.277
0321
0.358
OJ81
0.39

0381
0358
0321
0.277
0.228
0.18

0.136
0.099
0.069
0.046

0.044
0.066
0.093
0.127
0.166
0.208
0.251
0.29

0321
0.342
0.349
0342
0.321
0.29

0.251
0.208
0.166
0.127
0.093
0.066
0.044

0.043
0.063
0.088
0.118
0.153
0.19

0.227
0.261
0.288
0.306
0.312
0.306
0.288
0.261
0.227
0.19

a 153
0.118
0.088
0.063
0.043

0.041
0.059
0.082
0.11
0.14

0.173
0.206
0.235
0.259
0.274
0.28

0.274
0.259
0.235
0.206
0.173
0.14
0.11

0.082
0.059
0.041

0.04
0.056
0.077
0.101
0.129
0.158
0.187
0.212
0.233
0.246
0.251
0.246
0.233
0.212
0.187
0.158
0.129
0.101
0.077
0.056
0.04

0.038
0.053
0.072
0.094
0.118
0.144
0.169
0.192
O209
0.221
0.225
0.221
0.209
0.192
0.169
0.144
0.118
0.094
0.072
0.053
0.038

0.036
0.05

0.067
0.087
0.108
0.131
0.153
0.173
0.188
0.198
0.202
0.198
0.188
0.173
0.153
0.131
0.108
0.087
0.067
0.05

0.036

0.034
0.047
0.062
0.08

0.099
0.119
0.139
0.156
0.17

0.178
0.181
0.178
0.17

0.156
0.139
0.119
0.099
0.08

0.062
0.047
0.034

0.032
0.044
0.058
0.074
0.091
0.109
0.126
0.141
0.153
0.16

0.163
0.16

0.153
0.141
0.126
0.109
0.091
0.074
0.058
0.044
0.032

0.03
0.041
0.053
0.068
0.083
0.099
0.114
0.127
0.137
0.144
0.146
0.144
0.137
0.127
0.114
0.099
0.083
0.068
0.053
0.041
0.03

0.028
0.038
0.049
0.062
0.076
0.09

0.103
0.115
0.124
0.13

0.132
0.13

0.124
0.115
0.103
0.09

0.076
0.062
0.049
0.038
0.028

0.027
0.035
0.046
0.057
0.069
0.082
0.093
0.104
0.112
0.117
0.118
0.117
0.112
0.104
0.093
0.082
0.069
0.057
0.046
0.035
0.027

0.025
0.033
0.042
0.052
0.063
0.074
0.085
0.094
0.101
0.105
0.107
0.105
0.101
0.094
0.085
0.074
0.063
0.052
0.042
0.033
0.025

0.023
0.031
0.039
0.048
0.058
0.067
0.077
0.085
0.091
0.095
0.0%
0.095
0.091
0.085
0.077
0.067
0.058
0.048
0.039
0.031
0.023

0.022
0.028
0.036
0.044
0.053
0.061
0.069
0.076
0.082
0.085
0.086
0.085
0.082
0.076
0.069
0.061
0.053
0.044
0.036
0.028
0.022

0.02
0.021
0.033
0.04

0.04f
0.056
0.063
0.069
O074
0.077
0.078
0.077
0.074
0.069
0.063
0.056
0.048
0.04

0.033
0.026
0.02

psr5out.xls



TSS concentration at 0 (m)
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[ PSR 5 - contour graph for TSS concentration ]
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«Input Data Summary »

« Input Data File » = C:\ADDAMS\DREDGE\PSR5.DAT

« Dredge Type » = Open Bucket

« Open-Bucket Dredge Data »
Bucket size = 5 (mA3)
Cycle time = 60 (sec)
Settling velocity = 0.00066 (m/sec)
In-situ dry density = 1387 (kg/mA3)

« Far-Field Model»
Lateral diff. coeff.
Vertical diff. coeff.
Settling velocity
Downstream locations
X-step
Lateral locations
Y-step
Desired water depth

« Site Characteristics »
Water depth
Ambient water velocity
Mean particle size
Specific gravity of sediment
R74
Ro

= 3500 (cmA2/sec)
= 5 (cmA2/sec)
= .00066 (m/sec)

= 1000 (m)
= 25 (m)

= 250 (m)
= 25 (m)

= 6 (m)

= 6 (m)
= 0.03 (m/sec)
= 31 (urn)
2.65
= 0.278
= 0.17



« DREDGE Model Output Summary »

Resuspended material selected: Total Suspended Solid

Downstream
Distance(m)

25
50
75
100
125
150
175
200
225
250
275
300
325
350
375
400
/I25

•50
1̂75

500
525
550
575
600
625
650
675
700
725
750
775
800
825
850
875
900
925
950
975
1000

-250

.000

.000

.000

.000

.000

.001

.002

.004

.007

.011

.016

.021

.026

.031

.035

.039

.042

.044

.046

.047

.048

.048

.048

.047

.046

.044

.043

.041

.040

.038

.036

.034

.032

.030

.028

.027

.025

.023

.022

.020

Lateral Position(m)
Unit:(mgj

-225

.000

.000

.000

.000

.001

.003

.008

.014

.023

.032

.041

.050

.058

.064

.070

.074

.077

.078

.079

.079

.078

.076

.074

.071

.069

.066

.063

.059

.056

.053

.050

.047

.044

.041

.038

.035

.033

.031

.028

.026

-200

.000

.000

.000

.001

.006

.015

.029

.045

.062

.079

.094

.106

.116

.123

.128

.130

.131

.130

.127

.124

.120

.115

.110

.104

.099

.093

.088

.082

.077

.072

.067

.062

.058

.053

.049

.046

.042

.039

.036

.033

-175

.000

.000

.001

.009

.029

.057

.090

.123

.152

.177

.195

.208

.216

.219

.219

.215

.210

.203

.195

.185

.176

.166

.156

.146

.136

.127

.118

.110

.101

.094

.087

.080

.074

.068

.062

.057

.052

.048

.044

.040

-150

.000

.001

.014

.054

.115

.182

.244

.294

.330

.354

.367

.371

.368

.360

.348

.333

.316

.299

.281

.263

.245

.228

.211

.195

.180

.166

.153

.140

.129

.118

.108

.099

.091

.083

.076

.069

.063

.058

.053

.048

-125 -100

.000 .003

.014 .156

.097 .485

.235 .783

.374 .981

.487 1.088

.566 1.127

.614 1.121

.636 1.086

.638 1.034

.627 .972

.607 .907

.579 .840

.548 .774

.515 .710

.481 .650

.447 .594

.415 .542

.383 .493

.353 .449

.324 .408

.297 .370

.273 .336

.249 .305

.228 .277

.208 .251

.190 .227

.173 .206

.158 .187

.144 .169

.131 .153

.119 .139

.109 .126

.099 .114

.090 .103

.082 .093

.074 .085

.067 .077

.061 .069

.056 .063

« DREDGE Model Output Summary »

Resuspended material selected: Total Suspended Solid



Distance(m)

^25

•̂0
^^5

100
125
150
175
200
225
250
275
300
325
350
375
400
425
450
475
500
525
550
575
600
625
650

750
775
800
825
850
875
900
925
950
975
1000

-75

.142
1.018
1.694
2.001
2.078
2.032
1.926
1.791
1.648
1.505
1.368
1.239
1.120
1.011
.912
.822
.741
.667
.601
.541
.488
.439
.396
.357
.321
.290
.261
.235
.212
.192
.173
.156
.141
.127
.115
.104
.094
.085
.076
.069

-50

2.063
3.886
4.137
3.908
3.550
3.176
2.823
2.503
2.219
1.967
1.745
1.549
1.377
1.225
1.091
.972
.867
.774
.692
.619
.554
.496
.445
.399
.358
.321
.288
.259
.233
.209
.188
.170
.153
.137
.124
.112
.101
.091
.082
.074

-25

10.290
8.678
7.069
5.841
4.896
4.151
3.552
3.060
2.652
2.310
2.019
1.771
1.558
1.374
1.214
1.075
.953
.847
.753
.671
.598
.534
.477
.426
.381
.342
.306
.274
.246
.221
.198
.178
.160
.144
.130
.117
.105
.095
.085
.077

0

17.583
11.344
8.451
6.678
5.450
4.539
3.834
3.272
2.815
2.437
2.120
1.852
1.623
1.427
1.258
1.111
.984
.872
.775
.689
.613
.547
.488
.436
.390
.349
.312
.280
.251
.225
.202
.181
.163
.146
.132
.118
.107
.096
.086
.078

25

10.290
8.678
7.069
5.841
4.896
4.151
3.552
3.060
2.652
2.310
2.019
1.771
1.558
1.374
1.214
1.075
.953
.847
.753
.671
.598
.534
.477
.426
.381
.342
.306
.274
.246
.221
.198
.178
.160
.144
.130
.117
.105
.095
.085
.077

50

2.063
3.886
4.137
3.908
3.550
3.176
2.823
2.503
2.219
1.967
1.745
1.549
1.377
1.225
1.091
.972
.867
.774
.692
.619
.554
.496
.445
.399
.358
.321
.288
.259
.233
.209
.188
.170
.153
.137
.124
.112
.101
.091
.082
.074

75

.142
1.018
1.694
2.001
2.078
2.032
1.926
1.791
1.648
1.505
1.368
1.239
1.120
1.011
.912
.822
.741
.667
.601
.541
.488
.439
.396
.357
.321
.290
.261
.235
.212
.192
.173
.156
.141
.127
.115
.104
.094
.085
.076
.069

« DREDGE Model Output Summary »

Resuspended material selected: Total Suspended Solid

Downstream
Distance(m)

Lateral Position(m)
Unit:(mg/l)

100 125 150 175 200

^5
50
75
100

.003

.156

.485

.783

.000

.014

.097

.235

.000

.001

.014

.054

.000

.000

.001

.009

.000

.000

.000

.001

225

.000

.000

.000

.000

250

.000

.000

.000

.000



125
150
175
200
225
250
275
'00
J25
350
375
400
425
450
475
500
525
550
575
600
625
650
675
700
725
750
775
800
825
850
875
900
925
50
975
1000

.981
1.088
1.127
1.121
1.086
1.034
.972
.907
.840
.774
.710
.650
.594
.542
.493
.449
.408
.370
.336
.305
.277
.251
.227
.206
.187
.169
.153
.139
.126
.114
.103
.093
.085
.077
.069
.063

.374

.487

.566

.614

.636

.638

.627

.607

.579

.548

.515

.481

.447

.415

.383

.353

.324

.297

.273

.249

.228

.208

.190

.173

.158

.144

.131

.119

.109

.099

.090

.082

.074

.067

.061

.056

.115

.182

.244

.294

.330

.354

.367

.371

.368

.360

.348

.333

.316

.299

.281

.263

.245

.228

.211

.195

.180

.166

.153

.140

.129

.118

.108

.099

.091

.083

.076

.069

.063

.058

.053

.048

.029

.057

.090

.123

.152

.177

.195

.208

.216

.219

.219

.215

.210

.203

.195

.185

.176

.166

.156

.146

.136

.127

.118

.110

.101

.094

.087

.080

.074

.068

.062

.057

.052

.048

.044

.040

.006

.015

.029

.045

.062

.079

.094

.106

.116

.123

.128

.130

.131

.130

.127

.124

.120

.115

.110

.104

.099

.093

.088

.082

.077

.072

.067

.062

.058

.053

.049

.046

.042

.039

.036

.033

.UUI

.003

.008

.014

.023

.032

.041

.050

.058

.064

.070

.074

.077

.078

.079

.079

.078

.076

.074

.071

.069

.066

.063

.059

.056

.053

.050

.047

.044

.041

.038

.035

.033

.031

.028

.026

.000

.001

.002

.004

.007

.011

.016

.021

.026

.031

.035

.039

.042

.044

.046

.047

.048

.048

.048

.047

.046

.044

.043

.041

.040

.038

.036

.034

.032

.030

.028

.027

.025

.023

.022

.020
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VEGETATIVE PLANTING SPECIFICATIONS



Pacific Sound Resources Superfund Site, Marine Sediment Unit, Seattle, Washington

Summary of Vegetative Planting Specifications
Pacific Sound Resources Superfund Site

Section No. Section Title

Division 2 - Site Work

02923 Sprigging
02930 Exterior Planting
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Pacific Sound Resources Superfund Site, Marine Sediment Unit, Seattle, Washington

SECTION 02923

SPRIGGING

PARTI GENERAL

1.1 REFERENCES

The publications listed below form a part of this specification to the extent referenced. The
publications are referred to in the text by basic designation only. The most recent version of
the reference applies.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM D 4972 (1995a) pH of Soils

ASTM D 5268 (1992; R 1996) Topsoil Used for Landscaping Purposes

1.2 DESCRIPTION OF WORK

This scope of work consists of furnishing all labor, equipment, and materials to establish
shrubs as noted on the Drawings and in the plant list. Any substantive variance to this
specification due to unforeseen conditions encountered on the Site, weather conditions, plant
availability, other construction activities, etc. shall be approved by the Contracting Officer
(CO).

1.3 SUBMITTALS

Government approval is required for submittals with a "GA" designation; submittals having
an "FIO" designation are for information only. The following shall be submitted in
accordance with Section 01330 SUBMTTTAL PROCEDURES.

SD-01 Data

Delivery; FIO

Delivery schedule.

Quantity Check; FIO

Bag count or bulk weight measurements of material used compared with area covered to
determine the application rate and quantity installed. The quantity of sprigs used shall be
compared against the total area installed.

Sprig Establishment Period; GA

Calendar time period for the sprig establishment period.

02923 Sprigging 100 02923-1



Pacific Sound Resources Superfiind Site, Marine Sediment Unit, Seattle, Washington

Maintenance Record; FIO

Maintenance work performed, photographic documentation of planted areas, the quantity of
plant losses, diagnosis of the plant loss, and the quantity of replacements made on each site
visit. This maintenance record shall also include documentation of the maintenance work
performed for exterior planting in accordance with Section 02930 EXTERIOR PLANTING.

Goose Exclosure Installation Plan; GA

The Contractor shall submit a goose exclosure installation plan as part of the Planting Work
Plan in accordance with Section 02930 EXTERIOR PLANTING. This plan shall include the
proposed design of each goose exclosure structure, including proposed spacing, materials,
and procedure. Drawings shall be included that show plan and profile views of each
proposed exclosure.

SD-13 Certificates

Sprigs; GA

Prior to the delivery of materials, certificates of compliance attesting that materials meet the
specified requirements. Certified copies of the material certificates shall include the
following:

a. Sprigs. Cultivar name, genetic purity and field location.

1.4 SOURCE INSPECTION

The sources of sprig material shall be subject to inspection.

1.5 DELIVERY, INSPECTION, STORAGE, AND HANDLING

1.5.1 Delivery

A delivery schedule shall be provided at least 10 calendar days prior to the first day of
delivery.

1.5.2 Sprigs

Sprigs shall be protected during delivery to prevent desiccation, internal heat buildup, or
contamination.

1.5.3 Inspection

Sprigs shall be inspected upon arrival at the jobsite for conformity to cultivar and genetic
purity. Sprigs that have been exposed to heat or excessive drying shall be rejected. Other
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materials shall be inspected for compliance. Unacceptable materials shall be removed from
the job site.

1.5.4 Storage

1.5.4.1 Sprigs

Sprigs shall be stored in designated areas and covered with moist burlap, straw, or other
covering. Covering shall allow air to circulate preventing internal heat from building up.
Sprigs shall be protected from exposure to wind, and direct sunlight until installed.

1.5.4.2 Other Material Storage

Materials shall be stored in designated areas.

1.5.5 Handling

Sprigs shall not be damaged during handling. Except for bulk deliveries, materials shall not
be dropped or dumped from vehicles.

1.5.6 Time Limitation

Time limitation between harvesting and installing sprigs shall be a maximum 24 hours. If
nursery-grown sprigs are used, time limitation between delivery and installation shall be
24 hours.

PART 2 PRODUCTS

2.1 SPRIGS

2.1.1 Sprig Cultivar

The sprigs, as shown in Table 02923-1, shall be healthy living stems, stolons, or rhizomes.

Table 02923-1
PLANT LIST

Common Name
Seashore saltgrass
Gumweed
American dunegrass

Scientific Name
Distichlis spicata

Grindelia integrifolia
Leymus mollis

Form
1 gallon pot
1 gallon pot
1 gallon pot

2.1.2 Quality

Sprigs shall be cultivated from plant origin native to the Pacific Northwest. Sprigs shall be
grown under climatic conditions similar to those in the locality of the project. Sprigs shall be
free from material detrimental to a healthy stand of grass plants. Sprigs that have been
exposed to heat or excessive drying will be rejected.
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2.2 SEED (NOT USED)

2.3 SUBSTITUTIONS

Substitutions will not be allowed without written request and approval from the CO.

2.4 PLANTING SOIL

Planting soil shall be a 50%:50% by weight mixture of beach sand and topsoil. Beach sand
shall conform to the requirements in Section 02483 SEDIMENT CAP. Topsoil shall
conform to the requirements in Section 02930 EXTERIOR PLANTING.

2.5 SOIL AMENDMENTS (NOT USED)

2.6 MULCH (NOT USED)

2.7 WATER

Unless otherwise noted, water shall be the responsibility of the Contractor. Water shall not
contain elements toxic to plant life, nor salinity greater than 1 part per thousand (ppt).

2.8 PESTICIDE (NOT USED)

PART 3 EXECUTION

3.1 INSTALLING SPRIGS TIME AND CONDITIONS

3.1.1 Sprigging Time

Sprigs shall be installed from October to November for spring establishment.

3.1.2 Sprigging Conditions

Sprigging operations shall be performed only during periods when beneficial results can be
obtained. When drought, excessive moisture, or other unsatisfactory conditions prevail, the
work shall be stopped when directed. When special conditions warrant a variance to the
sprigging operations, proposed alternate times shall be submitted for approval.

3.2 SITE PREPARATION

The prepared surface shall be smooth and completed with a light raking to remove debris.
Debris and stones over 3 inches in any dimension shall be removed from the surface.
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3.3 INSTALLATION

Prior to installing sprigs, any previously prepared surface compacted or damaged shall be
reworked to meet the requirements of paragraph 3.2 SITE PREPARATION. Areas shall be
sprigged as indicated.

3.3.1 Installing Sprigs

The sprigging method shall be Row Sprigging described below.

3.3.1.1 Row Sprigging

Sprigs shall be planted according to the spacing and elevations shown on the Drawings. In
general, seashore saltgrass shall be planted at the lowest elevations (12 to 13 feet MLJLW),
with American dunegrass and gumweed shall be interspersed above 13 feet MLJLW.
Plantings shall appear random and not in traditional rows.

3.3.2 Finishing

All installed sprigs shall extend above the ground surface upon completion of the sprigging
operation.

3.3.3 Watering Sprigs

Watering shall be started immediately after completing each day of sprigging. Water shall be
applied at a rate sufficient to ensure moist soil conditions to a minimum 1-inch depth. Run-
off, puddling, and wilting shall be prevented.

3.4 TEMPORARY SEEDING (NOT USED)

3.5 QUANTITY CHECK

The quantity of sprigs used shall be as shown on the Drawings.

3.6 APPLICATION OF PESTICIDE (NOT USED)

3.7 RESTORATION AND CLEAN UP

3.7.1 Restoration

Existing facilities that have been damaged from the sprigging operation shall be restored to
original condition at Contractor's expense.
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3.7.2 CleanUp

Excess and waste material shall be removed from the sprigged areas and shall be disposed
offsite. Adjacent paved areas shall be cleaned.

3.8 PROTECTION OF INSTALLED AREAS FROM GEESE

Goose exclosure structures shall be installed to protect the two sprigging areas from geese.
The exclosures shall consist of posts with twine strung from nails between the posts or
alternate equivalent design if approved by the CO. The following are performance
requirements of each exclosure:

a. Posts: The posts shall be securely buried at least 2-feet below ground surface. The top of
each post shall be at least +15 feet MLLW. Each post shall have nails hammered
halfway into the post every 10 inches of its length. Perimeter posts shall border the
sprigging area at least 1 foot outside of the planting zone. Additional interior posts shall
be installed within the planting zone to create the required coverage of twine.

b. Twine: The twine shall be strung from each perimeter post, from one nail to another nail
of equal height on the next post. Twine shall be strung from the top nail on each post to
the top nail on surrounding posts. Proposed twine materials shall not be stretchable under
wetting/drying cycles.

c. Spacing of Posts: Perimeter and interior posts shall be spaced such that twine strung on
the tops of the posts covers the top of the planting area. No open space created by
absence of string shall be greater than 10 feet in any direction.

d. The temporary goose exclosure structures shall be installed to withstand the tidal flux
throughout the sprig establishment period in accordance with paragraph 3.9 SPRIG
ESTABLISHMENT PERIOD.

e. The Contractor shall maintain the temporary goose exclosure structures in good and
effective operating condition throughout the sprig establishment period, in accordance
with paragraph 3.9 SPRIG ESTABLISHMENT PERIOD, by performing routine
inspections to determine condition and effectiveness. The Contractor shall make repairs
immediately. Repairs to the temporary goose exclosures shall be reported to the CO in
the maintenance record in accordance with paragraph 3.9.2.1 Maintenance Record.

f. The Contractor shall inspect the temporary goose exclosure structures at least once every
7 calendar days and within 24 hours of the end of any storm event that produces 0.5
inches or more rainfall at the Site.
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3.9 SPRIG ESTABLISHMENT PERIOD

3.9.1 Commencement

The sprig establishment period to obtain a healthy stand of plants shall commence on the first
day of sprigging work under this Contract and shall continue through the remaining life of
the Contract and end 12 months after the last day of sprigging operations required by this
Contract. The sprig establishment period shall be coordinated with Section 02930
EXTERIOR PLANTING. The sprig establishment period shall be modified for separate
completion dates of areas.

3.9.2 Maintenance During Establishment Period

Maintenance of the planted areas shall include eradicating weeds, insects, and diseases;
maintaining temporary goose exclosure structures; and watering. Use of pesticides or
herbicides is not permitted. Following completion of sprigging, watering shall continue
twice a week for 4 weeks, unless otherwise directed by the CO. After 4 weeks, watering
shall continue for the establishment period at a minimum once per week and adjusted
accordingly to natural precipitation, unless otherwise directed by the CO.

At least 60 percent of the original plant material shall be in vigorous growing condition
during the entire sprig establishment period. The 60 percent survival criterion shall apply to
each species of plant, unless otherwise approved by the CO. The Contractor shall provide
and install replacement plants, in accordance with PART 2 PRODUCTS, as necessary to
maintain the minimum 60 percent requirement throughout the sprig establishment period.

Should particular areas of the initial sprig installation show continued excessive mortality,
the Contractor may propose more intensive planting in the healthier areas. Any such
proposal must be approved by the CO. The overall 60 percent plant survival criterion shall
remain in effect unless otherwise approved by the CO.

3.9.2.1 Maintenance Record

A record of each site visit shall be submitted to the CO describing the maintenance work
performed, photographic documentation of planted areas, the quantity of plant losses,
diagnosis of the plant loss, and the quantity of replacements made on each site visit. One
maintenance record shall be submitted that incorporates maintenance for sprigging and
exterior planting. Coordinate with the requirements of Section 02930 EXTERIOR
PLANTING.

END OF SECTION
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SECTION 02930

EXTERIOR PLANTING

PARTI GENERAL

1.1 REFERENCES

The publications listed below form a part of this specification to the extent referenced. The
publications are referred to in the text by basic designation only. The most recent version of
the reference applies.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A300 (1995) Tree Care Operations - Trees, Shrubs and Other
Woody Plant Maintenance

AMERICAN NURSERY AND LANDSCAPE ASSOCIATION (ANLA)

ANLA Z60.1 (1996) Nursery Stock

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM D 422 (1963; R 1998) Particle-Size Analysis of Soils

ASTM D 4972 (1995a) pH of Soils

ASTM D 5268 (1992; R 1996) Topsoil Used for Landscaping Purposes

1.2 DESCRIPTION OF WORK

This scope of work consists of furnishing all labor, equipment, and materials to establish
shrubs as noted on the Drawings and in the plant list. Any substantive variance to this
specification due to unforeseen conditions encountered on the Site, weather conditions, plant
availability, other construction activities, etc. shall be approved by the Contracting Officer
(CO).

1.3 SUBMITTALS

Government approval is required for submittals with a "GA" designation; submittals having
an "FIO" designation are for information only. The following shall be submitted in
accordance with Section 01330 SUBMTTTAL PROCEDURES.

SD-01 Data

Delivery; FIO
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Delivery schedule

Plant Establishment Period; GA

Calendar time period for the plant establishment period.

Maintenance Record; FTO

Maintenance work performed, photographic documentation of planted areas, quantity of
plant losses, and replacements; and diagnosis of unhealthy plant material.

Planting Work Plan; GA

The Contractor shall submit a Planting Work Plan, including planting procedures and plant
material replacement procedures; suppliers; goose exclosure installation plan; and a detailed
maintenance schedule for plants, shrubs, and goose exclosures during the plant establishment
period. The Planting Work Plan shall coordinate with the requirements of Section 02923
SPRIGGING.

SD-04 Drawings

Drawings; FIO

Scale drawings defining areas to receive plant materials.

SD-14 Samples

Delivered Topsoil; FIO

Samples taken from several locations at the source.

SD-13 Certificates

Plant Material; GA
Topsoil; GA

Prior to delivery of materials, certificates of compliance attesting that materials meet the
specified requirements. Certified copies of the material certificates shall include the
following.

a. Plant Material: Classification, botanical name, common name, size, quantity by species,
and location where grown.
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b. Topsoil: Particle size, pH, organic matter content, textural class, soluble salts, chemical
and mechanical analyses.

1.4 SOURCE INSPECTIONS

The nursery or source of plant material and the source of delivered topsoil shall be subject to
inspection.

1.5 DELIVERY, INSPECTION, STORAGE, AND HANDLING

1.5.1 Delivery

A delivery schedule shall be provided at least 10 calendar days prior to the first day of
delivery.

1.5.1.1.1 Plant Material Identification

Plant material shall be identified with attached, durable, waterproof labels and weather-
resistant ink, stating the correct botanical plant name and size.

1.5.1.1.2 Protection During Delivery

Plant material shall be protected during delivery to prevent desiccation and damage.

1.5.1.1.3 Delivered Topsoil

Prior to the delivery of any topsoil, the availability of topsoil shall be verified in paragraph
2.2 TOPSOIL. A soil test shall be provided for delivered topsoil.

1.5.2 Inspection

Plant material shall be well shaped, vigorous and healthy, free from disease, harmful insects
and insect eggs, sun-scald injury, disfigurement or abrasion. Plant material shall be checked
for unauthorized substitution and to establish nursery grown status. Plant material showing
desiccation, abrasion, sun-scald injury, disfigurement, or unauthorized substitution shall be
rejected. The plant material shall meet the caliper and height measurements specified. Plant
material that measures less than specified, or has been poled, topped off or headed back, shall
be rejected. Other materials shall be inspected for compliance with PART 2 PRODUCTS.
Topsoil that contains slag, cinders, stones, lumps of soil, sticks, roots, trash or other material
larger than 1-1/2 inch diameter shall be rejected. Topsoil that contains viable plant material
and plant parts shall be rejected. Unacceptable material shall be removed from the Site.
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1.5.3 Storage

1.5.3.1 Plant Material Storage

Plant material not installed on the day of arrival at the Site shall be stored and protected in
areas designated by the CO. Plant material shall not be stored longer than 30 calendar days.
Plant material shall be protected from direct exposure to wind and sun.

1.5.3.2 Other Material Storage

Storage of other material shall be in areas designated by the CO.

1.5.4 Handling

Plant material shall not be injured in handling. Plant material shall not be handled by the
trunk or stems. Materials shall not be dropped from vehicles.

1.5.5 Time Limitation

The time limitation from digging to installing plant material shall be a maximum 7 calendar
days.

PART 2 PRODUCTS

2.1 PLANT MATERIAL

2.1.1 Plant Material Classification

The plant material shall be nursery grown stock conforming to ANLA Z60.1 and shall be the
species specified.

2.1.2 Plant Schedule

The plant materials shall be as shown in Table 02930-1.

Table 02930-1
PLANT LIST

Common Name
Hooker willow
Scouler willow

Scientific Name
Salix hookeriana
Salix scouleriana

Form
Cutting (stake)
Cutting (stake)

2.1.3 Substitutions

Substitutions will not be permitted without written request and approval from the Contracting
Officer (CO).
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2.1.4 Quality

Plant materials shall be cultivated from plant origin native to the Pacific Northwest. Well
shaped, well grown, vigorous plant material in accordance with ANLA Z60.1 shall be
provided. Plant material shall be provided free from disease, harmful insects and insect eggs,
sun-scald injury, disfigurement and abrasion. Plant material shall be free of shock or damage
to branches, trunk, or root systems, which may occur from the digging and preparation for
shipment, method of shipment, or shipment. Plant quality is determined by the growing
conditions; method of shipment to maintain health of the root system; and growth of the
trunk and crown as follows.

2.1.5 Cuttings (Stakes)

Cuttings (stakes) shall be nursery grown stock. They shall be 2.5 to 3 feet in length and over
0.5 inch in diameter. Cuttings (stakes) shall be protected from sun, wind, freezing, drying, or
injury before and during planting.

2.2 TOPSOIL

Imported material shall meet the acceptance criteria for cap materials in accordance with
Section 02483 SEDIMENT CAP.

Topsoil shall be as defined in ASTM D 5268. Topsoil shall be free from slag, cinders,
stones, lumps of soil, sticks, roots, trash or other material over a minimum 1-1/2 inch
diameter. Topsoil shall be free from viable plants and plant parts.

Topsoil shall be imported two-way mix, screened, friable, fertile, sandy, natural top loam
consisting of 2/3 soil and 1/3 organic matter with no admixture of refuse or any material
toxic to plant growth and it shall be reasonably free from subsoil and stumps, roots, brush,
stones (2 inches or more in diameter), clay lumps or similar objects. Brush and other
vegetation which will not be incorporated with the soil during handling operations shall be
cut and removed. The topsoil or soil mixture, unless otherwise specified or approved, shall
have a pH range of approximately 5.5 pH to 7.6 pH, when tested in accordance with the
ASTM D 4972. The organic content shall not be less than 3 percent nor greater than 20
percent, as determined by the wet-combustion method (chromic acid reduction). There shall
be not less than 20 percent nor more than 80 percent of the material passing the No. 200
(0.074 mm) sieve as determined in accordance with ASTM D 422.

Natural topsoil may be amended by the Contractor with approved materials and methods to
meet the above requirements.

2.3 WATER

Unless otherwise directed, water shall be the responsibility of the Contractor. Water shall not
contain elements toxic to plant life nor salinity greater than 1 part per thousand (ppt).
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PART 3 EXECUTION

3.1 INSTALLING PLANT MATERIAL TIME AND CONDITIONS

3.1.1 Deciduous Plant Material Time

Deciduous plant material shall be installed from October to November.

3.1.2 Plant Material Conditions

Planting operations shall be performed only during periods when beneficial results can be
obtained. When drought, excessive moisture, frozen ground or other unsatisfactory
conditions prevail, the work shall be stopped when directed. When special conditions
warrant a variance to the planting operations, proposed planting times shall be submitted for
approval.

3.2 SITE PREPARATION

3.2.1 Layout

Plant material locations may be adjusted to meet field conditions.

3.2.2 Protecting Existing Vegetation

Existing trees, shrubs, and plant beds shall be protected during planting operations.

3.3 EXCAVATION (NOT USED)

3.4 INSTALLATION

3.4.1 Setting Plant Material

Plant material shall be installed opportunistically and in a random fashion, in existing voids
in the riprap. Plant in locations and elevations shown on the Drawings. Plant material shall
be set plumb and held in position until sufficient soil has been firmly placed around root
system or ball. In relation to the surrounding grade, the plant material shall be set even with
the grade at which it was grown.

3.4.1.1 Bare-Root Plant Material

Bare-root plant material shall be placed in water a minimum 30 minutes prior to setting.

3.4.2 Backfill Soil Mixture

The backfill soil mixture shall be topsoil.
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3.4.3 Watering

Plant pits and plant beds shall be watered immediately after backfilling, until completely
saturated.

3.5 FINISHING (NOT USED)

3.6 MAINTENANCE DURING PLANTING OPERATION

Installed plant material shall be maintained in a healthy growing condition. Maintenance
operations shall begin immediately after each plant is installed to prevent desiccation.
Installed areas shall be kept free of weeds, grass, and other undesired vegetation. Watering
shall be done twice a week for 4 weeks following completion of planting, unless otherwise
directed by the CO.

3.7 APPLICATION OF PESTICIDE (NOT USED)

3.8 RESTORATION AND CLEAN UP

3.8.1 Restoration

Turf areas, pavements and facilities that have been damaged from the planting operation shall
be restored to original condition at the Contractor's expense.

3.8.2 Clean Up

Excess and waste material shall be removed from the installed area and shall be disposed
offsite. Adjacent paved areas shall be cleared.

3.9 PLANT ESTABLISHMENT PERIOD

3.9.1 Commencement

The plant establishment period for maintaining exterior plantings in a healthy growing
condition shall commence on the first day of exterior planting work under this Contract and
shall continue through the remaining life of the Contract and end 12 months after the last day
of exterior planting required by this Contract. Written calendar time period shall be
submitted to the CO for the plant establishment period. The plant establishment period shall
be coordinated with Section 02923 SPRIGGING. The plant establishment period shall be
modified for separate completion dates for areas.

3.9.2 Maintenance During Establishment Period

Maintenance of the planted areas shall include eradicating weeds, insects, and diseases;
maintaining temporary goose exclosure structures; and watering. Use of pesticides or
herbicides is not permitted. Following completion of planting, watering shall continue twice
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a week for 4 weeks, unless otherwise directed by the CO. After 4 weeks, watering shall
continue for the establishment period at a minimum once per week and adjusted accordingly
to natural precipitation, unless otherwise directed by the CO.

At least 60 percent of the original plant material shall be in vigorous growing condition
during the entire establishment period. The 60 percent survival criterion shall apply to each
species of plant, unless otherwise approved by the CO. The Contractor shall provide and
install replacement plants, in accordance with PART 2 PRODUCTS, as necessary to
maintain the minimum 60 percent requirement throughout the plant establishment period.

The Contractor shall remove invasive species including butterfly bush and Himalayan
blackberry from shrub planting areas.

Should particular areas of the initial shrub installation show continued excessive mortality,
the Contractor may propose more intensive planting in the healthier areas. Any such
proposal must be approved by the CO. The overall 60 percent plant survival criterion shall
remain in effect unless otherwise approved by the CO.

3.9.2.2 Maintenance Record

A record of each site visit shall be submitted to the CO describing the maintenance work
performed, photographic documentation of planted areas, the quantity of plant losses,
diagnosis of the plant loss, and the quantity of replacements made on each site visit. One
maintenance record shall be submitted that incorporates maintenance for sprigging and
exterior planting. Coordinate with the requirements of Section 02923 SPRIGGING.

3.9.3 Unhealthy Plant Material

A shrub shall be considered unhealthy or dead when up to a maximum 25 percent of the plant
has died. This condition shall be determined by scraping on a branch an area of 1/16 inch
square, maximum, to determine if there is a green cambium layer below the bark. The
Contractor shall determine the cause for unhealthy plant material and shall provide
recommendations for replacement if 40 percent or more of the plant material is determined to
be unhealthy. Unhealthy or dead plant material requiring replacement (over 40 percent of
total plants installed) shall be removed immediately and shall be replaced as soon as seasonal
conditions permit.

END OF SECTION
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